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Description 

The present invention relates to an internal 
combustion engine. 

Internal combustion engines can be classified 
as segregating or non-segregating engines. All 
such engines use a compression stroke which 
preceeds the ignition and combustion of fuel which 
is mixed with air. 

In a non-segregating engine the fuel is mixed 
with the air before the start of the compression 
stroke as is the case with spark ignition gasoline 
engines commonly called SIGE engines. In some 
SIGE engines, known as stratified charge engines, 
which are not now common, the fuel is introduced 
to the air during the compression stroke but well 
before ignition which is started with a spark. In all 
non segregating engines the maximum compres- 
sion pressure is limited since a pre-mixed air-fuel 
gas mixture can be ignited by the high temperature 
generated in the compression process before the 
spark occurs. 

SIGE engines require the air fuel mixture to be 
nearly chemically correct. This restriction together 
with lower compression ratios and the need to 
throttle the air input at part load, which are all 
associated with this combustion system, result in a 
relatively poor thermal efficiency for the SIGE en- 
gine. Its main advantage is a fast combustion pro- 
cess, hence higher engine speed and power 
brought about by the fast burn of a pre-mixed 
gaseous mixture of fuel and air. 

A segregating engine will compress all, or most 
of the air, without fuel and introduce the fuel into 
the air near the end of the compression stroke at 
the point where ignition is to be started. The famil- 
iar segregating engine is the diesel engine which 
injects liquid fuel into the combustion chamber, 
under very high pressure, near the end of the 
compression stroke. 

The segregating engine has the capability of 
much higher thermal efficiency compared with the 
SIGE engine, particularly at part load. Its compres- 
sion pressures, which enhance efficiency, are not 
limited by the danger of pre-ignition. No throttling 
is required at part load so avoiding pumping 
losses. Lean burning at part load is possible which 
also improves thermal efficiency. 

The disadvantage of the diesel segregation 
method is the relatively long time it takes to inject 
the liquid fuel and vaporise it before it can ignite 
and burn fast. The diesel engine is therefore ther- 
mally more efficient than the SIGE engine but 
cannot run at the same high RPM as the SIGE and 
produces less power from a given size and weight. 

Various types of segregating engines invented 
by the Applicant are known, for example from GB- 
A-21 55546, GB-A-2186913, GB-A-2218153 and 



GB-A-2238830. Those engines are now known in 
literature as the Merritt engine. 

The Merritt engine comprises at least one set 
of first and second cylinders and respective first 

5 and second pistons movable in said cylinders, in 
each set, the first cylinder having a larger swept 
volume than the second cylinder and there being 
an air inlet valve and/or port communicating with 
the first cylinder, an exhaust valve and/or port 

w communicating with the first cylinder a fuel source 
for providing fuel to the second cylinder, means 
defining a combustion space when the pistons are 
substantially at the inner dead centre position, the 
combustion space communicating with both cyl- 

J5 inders during at least an early part of the expansion 
stroke, and inhibiting means for inhibiting ingres- 
sion, that is movement of fuel/air mixture from the 
second cylinder into the combustion space. 

The Merritt engine is therefore a segregating 

20 engine like the diesel engine with a difference that 
some small quantity of the air is compressed with 
all the fuel in the smaller second cylinder, whereas 
most of the air is compressed on its own in a larger 
first cylinder. The very rich fuel/air mixture in the 

25 second cylinder will not explode during compres- 
sion because it is too rich. It is also known that a 
small quantity of fuel can also be mixed with the air 
in the first cylinder without exploding during the 
compression stroke because it is too lean. 

30 An example of the known Merritt engine is 

shown in Fig.1 of the accompanying drawings 
which is a diagrammatic cross section through part 
of an internal combustion engine. The engine is 
described briefly below and the reader is directed 

35 to GB-A-221 81 53 for a more detailed description. 

The engine 10 includes a first cylinder 12 and 
a smaller second cylinder 14. A first piston 16 is 
movable in the first cylinder 12 and is sealed 
thereto by means of piston rings 16a. A smaller 

40 second piston 18 projects from the crown of piston 
16 and is movable within the cylinder 14. As will be 
appreciated the larger cylinder 16, has a larger 
swept volume than the smaller cylinder 14. The 
axis of the two cylinders are parallel and although 

45 cylinder 14 is shown positioned concentric in rela- 
tion to the larger cylinder 1 2, it can be arranged in 
any suitable position i.e. eccentrically of the cyl- 
inder 1 2. The stroke of the first piston 1 6 is prefer- 
ably arranged such that the second piston 1 8 pro- 

50 jects into the cylinder 14 even at its outer dead 
centre position. The outer dead centre position of 
the crown of piston 16 is indicated in broken lines 
in Fig.1. The pistons 16, 18 share a common 
crankshaft C and connecting rod mechanism al- 

55 though two separate pistons and two separate 
crankshafts have also been described in GB-A- 
2218153. A combustion space in the form of a 
combustion chamber 20 is contained within the 
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second piston 18 and communicates with both the 
first cylinder 14 and the second cylinder 12 via two 
ports 28 and 29. Port 28 comprises the aforesaid 
inhibiting means. 

Port 28 which connects the combustion cham- 
ber 20 with the second cylinder 14 (which contains 
the fuel as described below) affects what is known 
as "ingression" in the Merritt engine which, in turn, 
affects the timing of the ignition. In the Merritt 
engine, the term "ingression" describes the move- 
ment of fuel/air mixture from the second cylinder 
into the combustion space. 

The engine shown in Fig.1 is a four stroke 
version of the Merritt engine. In operation, the 
charge of substantially air is admitted to the major 
cylinder from an inlet duct 25 via an inlet valve 24. 
Some of this air enters the second cylinder 14 
through port 28 and port 29 during the induction 
stroke. Liquid fuel is delivered to the second cyl- 
inder 14 by means of an injector 21 and delivery of 
fuel can take place during the induction stroke and, 
if necessary, during the early part of the compres- 
sion stroke. 

Compared with the segregating diesel engine 
where fuel is injected into the engine at the end of 
the compression stroke, the Merritt engine allows 
fuel to be delivered to the engine for a substantially 
longer part of the cycle period of the engine. In that 
way, the fuel is given longer to vaporise from liquid 
to gas but not to mix fully with most of the com- 
pressed air originally in the first cylinder 12 until 
combustion is under way in the combustion cham- 
ber 20. It has been established and made known in 
the previous Patent Applications of the Applicant 
that with such an arrangement of unequal swept 
volume cylinders communicating with a common 
combustion chamber and where the fuel is con- 
tained in the smaller cylinder, a process referred to 
herein as "gas dynamic segregation" results. 

Gas dynamic segregation is distinguished from 
the mechanical type segregation of the diesel en- 
gine where a mechanical valve device (typically a 
needle valve in the fuel injector) shuts off the fuel 
supply to the engine until the moment of fuel 
delivery. In the gas dynamic segregating process 
produced in the Merritt engine, the air contained in 
the larger first cylinder and combustion chamber is 
known to move into the smaller second cylinder 
during most of the compression stroke. In Fig.1, 
this creates a flow of air through port 28 which 
connects the combustion chamber 20 and the sec- 
ond cylinder 18 where all, or most, of the fuel is 
contained, thus stopping the movement of fuel into 
the combustion chamber. Near the end of the com- 
pression stroke, the gas flow is reversed as the 
pressure in the second cylinder 1 4 becomes great- 
er than that in the combustion chamber 20 and the 
fuel supplied from the injector 21 which has 



vaporised in the smaller cylinder 1 4 together with a 
small proportion of the air has to enter the combus- 
tion chamber 20. 

The present invention seeks to provide an im- 
s proved internal combustion engine. 

Accordingly the present invention provides an 
internal combustion engine comprising: 
at least one set of first and second cylinders, the 
first cylinder having a larger swept volume than the 
10 second cylinder; 

respective first and second pistons movable in said 
cylinders; 

air inlet means communicating with the first cyl- 
inder; 

75 exhaust means communicating with the first cyl- 
inder; 

a first fuel source for providing fuel to the second 
cylinder; 

means defining a combustion space when the pis- 

20 tons are substantially at the inner dead centre 
position, the combustion space communicating with 
both cylinders during the expansion stroke; 
and inhibiting means for inhibiting ingression of 
fuel/air mixture from the second cylinder into the 

25 combustion space prior to the second piston arriv- 
ing at or adjacent its inner dead centre position; 
and wherein said first fuel source is arranged to 
provide fuel to the second cylinder above the 
crown of the second piston. 

30 characterised in that the second piston has a crown 
which is spaced from and connected to the crown 
of the first piston and which has an edge which 
extends over at least a portion of the periphery of 
the crown and which is relatively small in the axial 

35 direction compared to the distance between the 
first piston crown and the second piston crown in 
the axial direction, thereby to define said combus- 
tion space between said piston crowns and a side 
wall of said second cylinder; 

40 and wherein the edge of the second piston crown 
is radially spaced from the adjacent wall of the 
second cylinder to define a gap therebetween 
which comprises said inhibiting means, said spac- 
ing being of a size such as substantially to prevent 

45 the passage of gas between said side wall and said 
second piston crown from said second cylinder into 
said combustion space until towards the end of the 
compression stroke. 

A preferred form of the invention has access 

so means associated with the second cylinder to con- 
trol the pressure in the second cylinder to a value 
below the pressure in the first cylinder during an 
early part of the compression stroke, thereby to 
inhibit ingression prior to the second piston arriving 

55 at or adjacent its inner dead centre position. Bear- 
ing in mind that the pressure in the second cyl- 
inder at the end of the compression stroke affects 
the timing of ingression, ingression timing can be 
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controlled so as to provide optimum ignition timing. 
Ingression should be arranged to occur towards the 
end of the compression stroke, e.g., within 25° 
before inner dead centre. 

The access means preferably includes a first 
port means opening into the second cylinder and a 
first valve means for controlling the first port 
means. The latter is preferably openable at the 
start of the induction stroke and closable during the 
early part of the compression stroke. The closing 
time has a direct influence on ingression timing. 
Conveniently, the valve means may comprise a 
poppet valve operable mechanically or electrically. 
The use of a poppet valve may enable a readily 
available type of valve to be utilised and where an 
electrically operable valve is used, particularly fine 
control of the valve opening duration and closing 
time is possible to control the admission of the 
mixture. 

The access means may further include a first 
variable flow area valve means, for example, a 
butterfly or throttle valve preferably arranged up- 
stream of said first valve means. By using such a 
variable flow area valve means, air flow through the 
valve means can be accurately controlled enhanc- 
ing control over the time of ingression. Air, with or 
without fuel or a gaseous fuel, with or without air 
may be admitted to the second cylinder through 
the access means during induction. 

The fuel source, which may comprise a liquid 
fuel injector, is preferably arranged upstream of the 
first valve means. Suitable means for timing the 
introduction and duration of fuel delivery from the 
fuel source may be provided so that the fuel will be 
introduced during a period in which the valve 
means is either open or closed. The access means 
may be controlled by control means such as an 
engine management system. 

In the engine shown in Fig.1, the combustion 
chamber 20 is formed within the second piston 18 
and whilst such an arrangement is acceptable in 
many respects, such a combustion chamber can 
present some manufacturing difficulties. Such dif- 
ficulties can be overcome by providing an arrange- 
ment in which the combustion chamber is only 
partially formed within the second piston 18. In 
such an arrangement the second piston can have a 
crown which is spaced from and connected to the 
crown of the first piston and which has an edge in 
the axial direction which is relatively thin compared 
to the spacing of the first piston crown from the 
second piston crown, in the axial direction, the 
second piston crown preferably always remaining 
in the second cylinder. In that way, it is possible to 
define a combustion space between the two piston 
crowns which avoids the need to provide the com- 
bustion chamber fully enclosed within the smaller 
piston itself. 



The second cylinder may be formed so as to 
provide an abrupt or gradual ingression characteris- 
tic. For example, the second cylinder may be 
formed at its end remote from the first cylinder with 

5 means for defining a by-pass around the edge of 
the second piston crown when the second piston is 
at or adjacent or substantially at its inner dead 
centre position. In that way, the peripheral edge of 
the second piston crown may lie close to the wall 

70 of the second cylinder during the majority of the 
piston stroke. However, once the edge of the sec- 
ond piston crown lies adjacent the by-pass, the gap 
between the peripheral edge of the second piston 
crown and the wall of a second piston effectively 

75 increases to enable rapid ingression through the 
by-pass. The by-pass preferably has an axial 
length which is greater than the thickness of the 
edge of the second piston crown. Conveniently, the 
by-pass may take the form of a groove formed in 

20 the wall of the second cylinder which may extend 
over the whole or part of the circumference of the 
second cylinder. 

The provision of the groove is most beneficial 
in that it provides a clearance volume for vaporised 

25 fuel and air in the second cylinder which delays 
ingression and also provides a path for flame from 
the combustion space to reach any fuel remaining 
above the first piston crown after ingression. Also 
the provision of the groove can help exhaust gases 

30 remaining above the second piston crown to es- 
cape at the end of the exhaust stroke. 

The by-pass may be defined by an abrupt or 
gradual enlargement of the bore of the second 
cylinder depending upon whether or not an abrupt 

35 or gradual ingression is required. 

The combination of the use of a second piston 
with a thin edged crown and the bypass means to 
trigger ingression can allow a much reduced gap 
between the piston edge and the second cylinder 

40 side wall to be used. A very small gap may be 
used. In such an arrangement the use of the ac- 
cess means to provide air into the second cylinder 
is necessary and the access means can also be 
used to remove exhaust gas from the second cyl- 

45 inder. 

By providing the second piston crown with a 
small edge the onset of ingression can be triggered 
by the bypass means which, when interacting with 
the thin edge of the small piston crown, allows a 

so bypass path for the gas in the second cylinder 
above the second piston crown across the piston 
edge when the second piston approaches its inner 
dead centre position. 

With a suitably designed gap between the 

55 edge of the crown of the second piston and the 
second cylinder wall provision must be made to 
control the gas pressure in the second cylinder 
above the crown of the second piston to remain 
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below the air pressure in the combustion space on 
the other side of the second piston crown until the 
moment of ingression. Such control can be effec- 
ted by the access means as described above. 

It is particularly easy to form the inhibiting 
means around the edge of the second piston and 
the arrangement is particularly advantageous in 
that respect. 

In one embodiment, the gap is a continuous 
annular clearance between said edge of the second 
piston crown and the adjacent wall of the second 
cylinder. In another embodiment, the gap is inter- 
rupted by two or more radial projections on the 
second piston crown. One or more of the projec- 
tions can conveniently slidable on the adjacent wall 
of the second cylinder to provide side-to-side sup- 
port for the second piston. Alternatively, the gap 
may be interrupted by two or more axially extend- 
ing radial projections on a wall of the second 
cylinder to provide sliding support for the piston 
crown during its movement. 

The piston construction can take various forms. 

For example, the second piston crown may be 
spaced from the first piston crown by means of at 
least one pillar, e.g., a single central pillar. 

The pillar may be so shaped to provide a 
curved combustion space wall. The curved wall can 
be contoured so as to enhance swirling of the air 
entering during the compression stroke to assist 
with the mixing of such air with the vaporised 
fuel/air mixture as it ingresses into the combustion 
chamber and that can be particularly advanta- 
geous. 

If desired, the second piston may alternatively 
have a cylindrical skirt extending between its crown 
and the crown of the first piston, the skirt being 
formed with a plurality of apertures of substantial 
size which leave a plurality of second piston crown 
portions having relatively thin edges. 

It is most desirable that the fuel/air mixture is 
burned as fully as possible in the combustion 
space before the combustion space fully commu- 
nicates with the first cylinder during the expansion 
stroke. To assist in achieving that, the first piston 
crown may be formed with a raised portion or plug 
which fits with working clearance into the second 
cylinder in order nearly to shut off the combustion 
space from the first cylinder when the piston 
reaches or substantially reaches the inner dead 
centre position. The second cylinder need not be 
of cylindrical shape since the second piston does 
not need to fit sealingly with piston rings therein. 
Therefore the base can be of a shape appropriate 
to the selected second cylinder cross-section. 

When such a raised portion is provided then a 
passage means may be provided interconnecting 
the space above the crown of the second piston 
with the first cylinder for enabling transfer of air 



from the first cylinder to the second cylinder when 
the pistons are adjacent the inner dead centre 
position for assisting ingression. 

Conveniently, following ingression, the fuel may 

5 be ignited by contact with hot compressed air in 
the combustion space. However, if desired, ignition 
of the fuel may be assisted by means of a spark 
plug, catalyst or other ignition means which com- 
municates with or Is associated with the combus- 

w tion space. Where a catalytic ignition means is 
provided, it is placed in the combustion space, for 
example on the underside of the second piston 
crown but not on the second cylinder wall. 

The second cylinder may be formed at its end 

T5 nearest the first cylinder with a second by-pass 
means, for example a groove similar to that de- 
scribed previously for the first by-pass means. The 
second by-pass allows gases to by-pass the sec- 
ond piston crown at its outer dead centre position 

20 and this is beneficial for equalising pressure across 
the second piston crown at the beginning of the 
exhaust process during the stage known as the 
blow down stage. 

One of the advantages of having a piston in 

25 which the second piston crown has a thin periph- 
eral edge with the combustion space defined be- 
tween the first piston crown and the underside of 
the second piston crown is that the engine may 
allow the combination of the gas segregation princi- 

30 pie with the familiar diesel engine and SIGE engine 
combustion systems so conferring benefits to both 
of these familiar engine systems when operating as 
hybrids with a Merritt engine made in accordance 
with the present invention. 

35 Such diesel hybrid systems allow some of the 

fuel to be vaporised, segregated by the Merritt 
engine principle, and then ignited to provide a 
flame to assist the vaporisation and burning of the 
remaining fuel injected in a diesel engine mode. 

40 Throttle means may be positioned upstream of 

said air inlet means communicating with said first 
cylinder for enabling the restriction of air supply to 
said first cylinder during engine part load con- 
ditions. 

45 In an SIGE hybrid arrangement, a spark plug 

may be arranged in a wall of the second cylinder 
such that when a crown of the second piston is at 
or adjacent it inner dead centre position, the spark 
plug can assist in the ignition of fuel/air mixture in 

50 the combustion space behind the second piston 
crown. 

In a first operative mode, the said inlet valve 
may be arranged to admit to the first cylinder a 
throttle valve controlled mixture of fuel and air 
55 capable of spark ignition whereby, with the said 
fuel source and air supply to the second cylinder 
inoperative, the inlet valve admits said air/fuel mix- 
ture into the first cylinder to be ignited by said 
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spark plug when the pistons are near the inner 
dead centre position, and in a second operative 
mode the inlet valve admits substantially only air to 
the first cylinder and the fuel source and air supply 
are operative to deliver fuel and air to the second 
cylinder to operate in the Merritt engine mode. 

Where fuel from the first fuel source is ad- 
mitted through the aforesaid access means asso- 
ciated with the second cylinder, the engine may 
operate on a two stroke cycle. In an example of 
such an arrangement, said air inlet means is pro- 
vided for admitting at above atmospheric pressure 
substantially air only to the first cylinder, said ex- 
haust means is provided for the first cylinder, the 
second piston is mounted on the first piston and air 
is also supplied above atmospheric pressure to the 
second cylinder through said access means to- 
gether with fuel from said first fuel source. If de- 
sired, air may be supplied to both cylinders from 
the same source, e.g., a crank case of the engine. 

The two stroke cycle is particularly suitable for 
use with the Merritt Engine segregating principle 
and can incorporate any of the features which 
control segregation in the four stroke cycle such as 
the first and second by-pass grooves, the thin 
edged crown of the second piston, the raised por- 
tion for closing the combustion space at inner dead 
centre and the access means provided for the 
second cylinder including a valve, with or without 
an additional throttle valve. In such an engine:- 

(a) the second piston can easily be positioned 
concentrically with the first as there is no need 
to make space for any valve above the first 
piston; 

(b) the removal of exhaust gases from under the 
crown of the second piston is easily achieved 
during the two-stroke scavenge period due to 
the open nature of the combustion space; 

(c) fuel which enters the second cylinder can not 
easily escape into the exhaust port during the 
exchange of gases at the end of the expansion 
stroke as it is separated from the exhaust port 
by the second piston crown. 

Internal combustion engines in accordance with 
the invention will now be described with reference 
to the remaining accompanying drawings in which:- 
Fig.2 is a diagrammatic cross section through 
part of an internal combustion engine in accor- 
dance with the present invention in which the 
first and second piston crowns are intercon- 
nected by means of a central pillar of the sec- 
ond piston, 

Fig.3 is an enlarged view of part of Fig.2 show- 
ing gas movement, 

Fig.4 is a cross section through part of a prac- 
tical form of an engine similar to that shown in 
Fig.2, 



Fig.5 is a cross section similar to Fig.4 but 
showing the addition of a spark plug for starting 
and idling the engine and a throttle valve, 
Fig.6 is a cross section similar to Fig.4 but 

5 showing a first diesel hybrid engine in accor- 
dance with the present invention, 
Fig.7 is another cross section showing an alter- 
native diesel hybrid engine in accordance with 
the present invention, 

70 Fig.8 is a cross section similar to Fig.4 but 
showing a hybrid spark ignition engine in accor- 
dance with the present invention. 
Fig. 8A is a diagrammatic cross section showing 
the engine of Fig. 8, 

75 Fig.9 is a diagrammatic cross section showing a 
raised portion on the first piston and a passage 
through the second piston in accordance with 
the present invention, 

Fig.9A is a diagrammatic cross section showing 
20 an alternative form of pistons of Figure 9, 

Fig.10 is an elevation of part of a modified 
smaller piston in its cylinder, 
Fig.lOA is a transverse cross section through a 
second cylinder modified to provide an alter- 
25 native to the Fig.10 arrangement, 

Fig.11 is a plan view of the piston in Fig.10 
looking in the direction of arrow XI in Fig.10, 
Fig.12 shows a further form of second piston, 
Fig.13 is a cross section of the piston shown in 
30 Fig.12 on the line XIII-XIII in Fig.12, 

Fig.14 shows a still further second piston con- 
struction, 

Fig. 15 is a diagrammatic cross section through 
an engine in accordance with the present inven- 
35 tion operating on a two stroke principle, 

Fig.15A is an enlarged view of part of the engine 
shown in Fig. 15, 

Fig.16 is a practical form of an engine similar to 
that shown in Fig.15, and 
40 Fig.17 is a diagrammatic cross section through 
part of a further type of internal combustion 
engine in accordance with the present invention. 
As mentioned above with regard to Fig.1, the 
combustion chamber 20 within the smaller piston 
45 18 can present certain manufacturing difficulties 
and reference is now made to Fig.2 which shows 
an engine in accordance with the invention having 
an alternative type of piston which enables a com- 
bustion space to be produced more easily and also 
so gives a number of other important advantages. In 
Fig.2 parts corresponding to parts shown in Fig.1 
carry the same reference numerals. 

In Fig.2 the smaller piston 1 8 is concentric with 
the larger piston 16 (although concentricity is not 
55 essential as the piston 18 may be arranged eccen- 
trically to the piston 16). The piston 18 includes a 
pillar 234 and a raised portion or base 84 by which 
a crown 35 of the piston 18 is connected to or 
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integral with the piston 16. The connection may be 
non-rigid i.e. flexible or resilient e.g. a ball swivel 
joint. 

Although crowns 35 and 36 are shown flat, 
either or both may be curved, for instance domed 
or frusto conical with matching cylinder head sur- 
faces. It will be seen from Fig.2 that the pillar 234 
is curved in contour, the curve encouraging swirl of 
the air entering the combustion space 20 from 
larger cylinder 12 and swirl of the fuel/air mixture 
following ingression into the combustion space 20. 
The combustion space 20 is defined between the 
pillar 234 and the wall, indicated generally at 14a, 
of the smaller cylinder 14. The shape and size of 
the pillar are chosen to produce a suitable combus- 
tion volume of appropriate size and shape. 

It will be noted that the crown 35 of the piston 
1 8 has an edge with an axial thickness "t" which is 
substantially less than the axial distance between 
the crowns 35 and 36 of the pistons 18 and 16. 
The crown 35 has a cylindrical or otherwise shaped 
peripheral edge 37 which is spaced slightly away 
from the wall 14a of the second cylinder to define 
inhibiting means in the form of an annular gap 128 
which performs a function equivalent to the inhibit- 
ing port 28 in Fig.1 and constitutes all or part of the 
aforesaid inhibiting means. The upper end of the 
smaller cylinder 14 as viewed in the drawing is 
formed with an optional peripheral groove 39 
which, when present, provides a by-pass to pro- 
mote ingression as described below. The upper 
end of the smaller cylinder 14 is provided with 
access means indicated generally at 30 comprising 
a second inlet valve 31 and throttle valve 32. The 
valve 31 is arranged to admit air from an inlet duct 
33 provided with a liquid fuel injector 34. The 
throttle valve 32 controls the quantity of air flowing 
through the inlet duct 33 and does so substantially 
independently of the quantity of the fuel delivered 
by the fuel injector 34. 

During the induction stroke of the engine, air 
enters the larger cylinder 12 through the inlet duct 
25. Air also enters the smaller cylinder 14 through 
open valve 31 along with fuel from injector 34. Fuel 
from the injector 34 is delivered to the inlet duct 33 
either during the period that the second inlet valve 
31 is opened, or when it is closed or during both 
periods. The throttle valve 32 controls the air mass 
entering the smaller cylinder 14 and can ensure 
that during the induction stroke of the engine, the 
air/fuel mixture entering the smaller cylinder 14 
through the inlet valve 31 will normally be below 
the pressure in the larger cylinder 12. The timing of 
the closure of valve 31 after the closure of inlet 
valve 24 during the early part (during part or all of 
the first half) of the compression stroke can also 
ensure that the pressure in the second cylinder 14 
is below the pressure in the first cylinder 12 when 
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valve 31 closes. An engine management system M 
may be used to control the closing of valve 31 at a 
preselected piston position after closure of the inlet 
valve 24. The difference in pressure across the 

s crown 35 of the piston 18 during the compression 
stroke will have an effect on the timing of ingres- 
sion of contents of the smaller cylinder 14 into the 
combustion space 20 near the inner dead centre 
position of the piston 1 8 at the end of the compres- 

10 sion stroke. This, in turn, controls the timing of the 
ignition of vaporised fuel by, for instance, compres- 
sion ignition when the fuel/air mixture in cylinder 14 
meets the relatively hotter air delivered to the com- 
bustion space 20 by the larger piston 16 during the 

75 compression stroke. 

The positioning of the injector 34 upstream of 
the valve 31 protects the fuel injector from com- 
bustion pressures and temperatures which is ad- 
vantageous. 

20 Adjustment of the position of throttle valve 32 
and/or the closure of valve 31, which may be 
carried out by an engine management system M 
can be used to control the timing of the ignition in 
the engine over the full range of engine speed and 

25 fuel quantities. The fuel quantity will normally be 
determined by the power output required by the 
operator so need not be directly controlled by the 
position of throttle valve 32 as is the case in a 
normal spark ignition engine. 

30 During the compression stroke, air from the 
larger cylinder 12 is compressed and some of the 
air moves into the combustion chamber 20 be- 
cause of pressure difference. During the induction 
and compression strokes of the engine, the fuel 

35 entering the second cylinder via second inlet valve 
31 vaporises in the smaller cylinder 14. The fuel/air 
proportions entering through the second inlet valve 
31 are outside the rich flammability limit range and 
will not spontaneously ignite by compression tem- 

40 perature alone in the smaller cylinder 14 above 
piston 18. Near the inner dead centre position, 
towards the end of the compression stroke the 
peripheral edge 37 of the crown 35 reaches the 
position shown in broken lines adjacent the by- 

45 pass 39 which effectively increases the size of the 
inhibiting means and the air/fuel mixture in vapour 
form rushes around the peripheral edge 37 through 
the by-pass 39 and into the combustion space 20. 
Also towards the end of the compression stroke the 

50 optional base 84 enters the second cylinder 14 
partially isolating the combustion space 20 from 
the first cylinder 12. The air in the combustion 
space is compressed and is at a sufficiently high 
temperature to cause spontaneous ignition of the 

55 fuel/air mixture entering the combustion space and 
expansion of gases in the combustion space then 
forces the pistons 16, 18 downwardly to start an 
expansion stroke. The ingression process is sub- 
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stantially completed by the time the smaller piston 
18 reaches its inner dead centre position. Con- 
sequently the beginning of combustion may occur 
prior to the inner dead centre position and could 
result in premature and undesirable pressure in- 
crease on the crown 36 of the larger piston 1 2. The 
use of base 84 may help to delay the pressure 
increase on crown 36 of the larger piston until after 
the inner dead centre position has passed. Further 
details of base 84 are described later. As shown in 
Fig. 3, the axial length I of the groove 39 is greater 
than the thickness t of the second piston crown 35 
to provide an enlarged gap for the fuel/air mixture 
N to ingress around the crown through the by-pass 
groove 39. 

The cross sectional shape of the groove 39 
may vary from that shown in Figs.2 and 3, for 
example, the groove may have a frusto-conical 
lower wall which provides a gradual rather than an 
abrupt increasing gap as the piston 18 nears its 
inner dead centre position. 

The groove 39 also provides a clearance vol- 
ume in the second cylinder 14, that is a volume 
which is not diminished by movement of the piston 
18 in the second cylinder. The clearance volume 
effectively delays ingression timing by providing 
extra volume for the fuel/air mixture in cylinder 12 
during the compression stroke but which commu- 
nicates with the combustion space 20 at the time of 
ingression. Another function of the groove 39 is to 
allow the flame and the resulting pressure increase 
in combustion space 20 to communicate with the 
space above the second piston crown 35. In that 
way the flame can burn off any fuel which remains 
above the second piston crown 35 following ingres- 
sion. 

In order to locate the second piston crown 35 
when it moves into the by-pass zone, the groove 
39 may be interrupted by a plurality of areas 39a 
(see Fig. 16) forming continuations of the bore wall 
14a. 

By controlling the access means 30, the pres- 
sure in the smaller cylinder 14 can be controlled 
accurately to provide optimum timing of ingression 
which will, in turn, control ignition timing to give 
optimum running characteristics of the engine over 
its full speed and load range. 

The combustion space 20 is an "open" com- 
bustion space when compared to the combustion 
chamber 20 of Fig.1 and provides a less restricted 
removal of post combustion gases from the com- 
bustion space to the first cylinder 1 2 than with the 
relatively closed combustion chamber shown in 
Fig.1. 

During the exhaust stroke, gases trapped 
above the second piston crown 35 will be trans- 
ferred to the combustion space 20 and first cyl- 
inder 12 through the gap 128 by the rising second 



piston 18. Where the by-pass 39 is provided, it will 
assist escape of such exhaust gases at the end of 
the exhaust stroke. Exhaust gases are evacuated 
from the larger cylinder 12 through the exhaust 

5 duct 27 via exhaust valve 26. 

Whilst the small cylinder 14 is shown with a 
by-pass groove 39 at its upper end, it will be 
appreciated that the size of the gap 128 can be 
selected so that the gap 128 alone i.e. without the 

w by-pass 39, provides the entire inhibiting means 
forming the passageway for ingression. In such a 
case, the size of the gap 128 is carefully chosen to 
ensure adequate segregation between the upper 
surface of crown 35 and the combustion space 20 

75 during most of the compression stroke. 

It will be appreciated that the fixed port 29 of 
Fig.1 is not present in the embodiment of Fig.2. 
Instead, it is effectively replaced by an annular gas 
escape area 1 29 between the crown 36 of the first 

20 piston 16 and an edge 14b of the lower end of the 
second cylinder 14. As the pistons descend during 
the expansion stroke, the annular escape area 129 
rapidly increases to promote substantially unhin- 
dered transfer of gases from the combustion space 

25 20 to the first cylinder 1 2. 

The crown 35 will be cooled by the incoming 
fuel and air entering through second inlet valve 31, 
by the effect of vaporisation of the fuel in the air 
during the compression stroke and by conduction 

30 of heat through pillar 234. 

The exhaust process can benefit from the pro- 
vision of a bypass groove 135 at the lower end of 
the second cylinder 14 as described with reference 
to Figs.15 and 15A. The groove 135 allows a blow- 

35 down stage of the exhaust process in the second 
cylinder 14 to escape into the first cylinder 12 and 
from there to exhaust valve 26. Following the blow- 
down stage of the exhaust process exhaust gases 
can transfer through gap 1 28 from above the piston 

40 crown 35 into the exhaust duct 27 during most of 
the exhaust stroke. 

An advantage of an arrangement which uses 
valve 31 as a dual inlet and exhaust valve is that 
any unburnt fuel remaining in cylinder 14 at the 

45 end of the exhaust stroke need not leave the en- 
gine, so reducing exhaust pollution. 

Reference is now made to Fig.4 which illus- 
trates a preferred practical version of the engine 
shown in Fig.2. In Fig.4, parts corresponding to 

so those parts shown in Fig.2 carry corresponding 
reference numerals and will not be described in 
detail. 

With reference to Fig.4, an engine cylinder 
block 40 is formed with cooling galleries 41 and 
55 defines the larger first cylinder 12 and the smaller 
second cylinder 14. The main inlet duct 25 is open 
and closed by the inlet valve 24 which is operated 
by a cam 42 on a cam shaft 43. The valve 24 is 
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slidably mounted in a conventional type of valve 
guide 44 and has a collet 45 at its upper end to 
assist in location of a valve spring 46 shown in 
broken lines. 

The second inlet valve 31 is operated by a 
cam 47 on camshaft 43 through a rocker arm 48. 
The second valve 31 also includes a collet arrange- 
ment 49 which assists in location of a valve spring 
50 shown in broken lines. The smaller piston 18 
has a pillar 234 curved in contour terminating at an 
outwardly flared and curved upper end immediately 
beneath the piston crown 35. The exhaust valve 26 
and exhaust port 27 are not shown in Fig. 4 but, are 
nevertheless, present in the engine in communica- 
tion with larger cylinder 12. The operation of the 
engine shown in Fig.4 is the same as that as 
described with respect to Fig.2. In Fig.4, the full 
line position of the pistons indicates the outer dead 
centre position and a near inner dead centre posi- 
tion of the pistons is indicated in broken lines. 

Another advantage of the use of an "open" 
combustion space arrangement is that it permits 
access by a spark plug or glow-plug directly into 
the combustion space 20. In that respect reference 
is now made to Fig.5 which is identical to Fig.4 
except for the presence of such a spark plug 52 
extending through the wall 14a of the second cyl- 
inder 14. The spark plug may be used to assist in 
the initiation of ignition particularly at cold start-up 
times and idling. 

If desired the larger cylinder 12 can be pro- 
vided with a flow control device 23 such as a 
throttle valve or an on/off fixed area restrictor to 
reduce the air intake to the larger cylinder 12 
during the induction stroke at part load. Similar 
reduction to the air entering the second cylinder 14 
may be needed, using the throttle valve 32 in order 
to maintain the pressure difference between the 
cylinders which promotes segregation. Connecting 
the inlet ducts 33 and 25 can also achieve this 
condition. For a given quantity of fuel required at 
part load, this control will increase the fuel/air ratio 
in the smaller cylinder 14 so avoiding spontaneous 
ignition by compression, in the smaller cylinder, 
when the fuel air ratio of the mixture inside it 
approaches the flammability limit. 

The peak compression pressure and tempera- 
ture will also be reduced as a result of such flow 
reduction and the fuel/air mixture may ultimately 
need the assistance of the spark plug 52 after 
ingression. For example, the engine may be made 
to idle when the fuel/air mixture in the smaller 
cylinder 14 is chosen to be chemically correct, that 
is around stoichiometric. The throttling process can 
reduce the compression pressures to be low 
enough to avoid spontaneous compression ignition 
and the spark plug can then be used to ignite the 
chemically correct mixture entering the combustion 



space 20 after ingression. 

It will be seen from Fig.5 that a cavity 52a is 
defined at the cylinder end of the spark plug 52. In 
order to avoid the cavity 52a acting as an unwan- 

5 ted by-pass for gas across the second piston 
crown 35, the spark plug 52 should be positioned 
appropriately within the smaller cylinder 14. Alter- 
natively the volume of the cavity 52a may be 
minimised, for example, by using a suitable type of 

w spark plug. 

Another advantage of using the "open combus- 
tion chamber" arrangement is that it enables hybrid 
engines in accordance with the invention to be 
produced which can benefit from the advantages of 

75 the Merritt Engine segregation system. 

A first such hybrid arrangement is shown in 
Fig.6 in which parts corresponding to parts shown 
in Fig.4 carry the same reference numerals. In 
Fig.6 a second fuel source in the form of an 

20 injector 60 is provided, the first fuel source (injector 
34) being arranged to deliver fuel into inlet passage 
33 as before. On comparing Figs.4 and 6, it will be 
noted that the injector 34 has been moved to a 
position between the passage 33 and a rocker 

25 cover of the engine. 

During the induction stroke, valves 24 and 31 
are opened to enable substantially unthrottled air to 
be admitted into the larger cylinder 12 and fuel and 
air to be admitted to the smaller cylinder 14 via the 

30 inlet valve 31 . However, whereas in Fig.4, the injec- 
tor 34 provides substantially the whole of the re- 
quired quantity of fuel for combustion in the en- 
gine, the injector 34 in the Fig.6 arrangement pro- 
vides only a fraction of that quantity. As the piston 

35 18 nears its inner dead centre position as shown in 
broken lines in Fig.6, the crown 35 moves beyond 
the outlet of injector 60 at which point the injector 
60 delivers its charge of fuel, in diesel engine 
fashion directly into the combustion space 20 be- 

40 neath the piston crown 35. 

As the piston 18 nears its inner dead centre 
position, the vaporised fuel and air mixture above 
the crown 35 ingresses to the combustion space 
20 through the gap 128 defined between the edge 

45 37 of the piston and the wall 14a of the smaller 
cylinder, now enlarged through by-pass groove 39. 
Such ingression is also possible if the gap 128 is 
very small if groove 39 is provided. During the 
compression stroke, air from the larger cylinder 12 

50 will have entered the combustion space and will be 
at a temperature sufficient to ignite the ingressed 
fuel/air mixture. The injector 60 is timed to deliver 
its fuel charge under pressure into the combustion 
space 20 so as to provide extremely rapid ignition 

55 thereof in the presence of the burning ingressed 
mixture. In that way, the engine utilises both the 
fuel segregation method typical of the diesel en- 
gine in the form of injector 60 and the segregation 
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method of the fuel typical of the Merritt Engine 
described here. Such a combination of the diesel 
engine and Merritt Engine principles will enable a 
diesel engine to operate at high fuelling rates with 
very little, if any, smoke emission and may also 
enable diesel engines to operate at lower compres- 
sion ratios and at higher engine speeds. The com- 
bination considerably increases the speed of com- 
bustion compared with a diesel engine unaided by 
the Merritt Engine principle. 

The amounts of fuel delivered by the injectors 

34 and 60 and the timing thereof will be controlled 
by means such as the engine management system 
in order to provide the correct proportions of fuel 
between the injectors 34 and 60 for given running 
requirements so as, for example, to minimise 
smoke emission in the exhaust gases. 

In Fig.6 and the previous configurations in 
which injector 34 is situated upstream of valve 31 , 
the fuel line pressure delivery to injector 34 can be 
relatively low, e.g., under 10 bar whereas injector 
60 is typical of a diesel injector requiring a fuel line 
pressure of a much greater magnitude in order to 
overcome combustion pressure. 

A second diesel hybrid engine is illustrated in 
Fig.7, in which parts corresponding to those parts 
shown in Figure 4 carry corresponding reference 
numerals and will not be described in detail. In 
Fig.7, the injector 34 is omitted and the entire 
quantity of fuel is provided by a single controlled 
injector 70 positioned in a similar place as the 
injector 60 in Fig.6. Injector 70 would be a high 
pressure diesel type injector capable of discharg- 
ing fuel in two or more distinct pulses for example 
a solenoid controlled diesel injector. The pulses 
may be of different duration and the injector may 
discharge at different flow rates during each pulse. 
An injector which can provide a continuous fuel 
discharge starting with a low flow rate and proceed- 
ing to a higher flow rate is also suitable. During 
induction, air is admitted to the larger cylinder 12 
through inlet valve 24, second inlet valve 31 opens 
to ambit substantially air only and a proportion of 
the total fuel charge is injected by injector 70 into 
the smaller cylinder 14 above the piston crown 35. 
By the time piston 18 nears its inner dead centre 
position as shown in broken lines, the fuel in the 
fuel and air mixture above the crown 35 vaporises 
and eventually ingresses into the combustion 
space 20 whereupon it is ignited by the com- 
pressed hot air therein. The injector 70 is then 
pulsed for a second time and delivers the remain- 
ing charge of fuel into the burning mixture in com- 
bustion space 20 whereupon the fuel burns rapidly 
as in the arrangement in Fig.6. If desired, the fuel 
can be injected into the space above piston crown 

35 on the first pulse of the injector 70 during the 
compression stroke instead of the induction stroke 



or during both induction and compression strokes. 

Instead of being injected twice per cycle, it is 
envisaged that a continuous and longer injection 
can be effected and as the smaller piston crown 35 

5 passes the injector, the rate of fuel delivery can 
increase to deliver more fuel directly to the com- 
bustion space. The engine then operates as before 
with the same advantages. 

With the diesel/Merritt hybrid of Figs.6 and 7 it 

w will be appreciated that the two combustion sys- 
tems run concurrently. 

In a third hybrid arrangement, the Merritt seg- 
regation system can be combined with the spark 
ignition engine principle in which fuel and air are 

75 premixed at least during the compression stroke for 
subsequent ignition by the spark to produce power. 
In such a hybrid arrangement, an example of which 
is shown in Fig.8, the two combustion principles 
operate sequentially. 

20 In Figs.8 and 8A, parts corresponding to parts 

in Figs.4 and 5 carry the same reference numerals 
and will not be described in detail. The engine 
shown in Fig.8 is constructed in an identical man- 
ner to that shown in Fig.5 with the addition of a 

25 fuel/air management system 80 typical of a spark 
ignition engine. The system 80 includes a fuel 
dispenser which, in this case is a low pressure 
injector 82 (but which could comprise a fuel/air 
metering device such as a carburettor) and a throt- 

30 tie valve 83. Such a system provides close control 
of the fuel/air proportions to facilitate ignition by 
spark. 

In operation, the engine may be started up and 
warmed up as a spark ignition engine operating the 

35 system 80 with the fuel injector 34 switched off and 
the throttle valve 32 in the inlet duct 33 closed. 
During induction a fuel/air mixture is admitted 
through inlet valve 24 into the larger cylinder 12. 
During compression the mixture is compressed into 

40 the combustion space 20 where it is ignited by a 
spark from spark plug 52, ignition being timed to 
take place around inner dead centre shown in 
broken lines. By opening the throttle valve 83 and 
increasing fuel supply, the power may be in- 

45 creased. However there will be a limit to the open- 
ing of the throttle valve 83 and to the amount of 
fuel/air quantity which can be drawn into the larger 
cylinder 12 imposed by the compression ratio of 
the engine which in the Merritt mode should be 

so sufficiently high to permit compression ignition, 
whereas compression ignition in cylinder 12 should 
be avoided in the spark ignition mode of operation 
Once the engine has been warmed up, the 
injector 82 can be switched off, throttle 83 opened, 

55 injector 34 switched on and throttle valve 32 op- 
erated normally whereby the engine will operate in 
the manner described with respect to Fig.4. The 
switch over can be made gradually by admitting an 
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increasing amount of spark ignitable mixture 
through second inlet valve 31 into the second cyl- 
inder 14 whilst reducing the quantity of mixture 
admitted through inlet valve 24 under control of an 
engine management system. 

As well as being useful for start-up and warm 
up of the engine, the Figs.8 and 8A hybrid arrange- 
ment can provide the engine with a choice of 
running modes. The Merritt running mode will be 
particularly advantageous when requiring part-load 
fuel economy or when wishing to operate on dif- 
ferent fuels, e.g. alcohols which can be supplied to 
injector 34, the Merritt mode is less sensitive to 
fuel variation and particularly octane number. 

To delay early pressure increase in the larger 
cylinder 12, after ignition, the base 84 enters the 
smaller cylinder 14 at around the time of ingression 
and remains there until the early part of the expan- 
sion stroke. In that way the outflow of gases from 
the combustion space to the larger cylinder 12 is 
restricted until the piston has started its expansion 
stroke and the base 84 clears the second cylinder 
14. It is to be appreciated that once the base 84 
enters the smaller cylinder 14, some clearance 
should be provided between the side of the base 
84 and the wall 14a of cylinder 14 to allow transfer 
of air remaining in the larger cylinder 12 into the 
combustion space. The clearance can be provided 
by forming the base with its edge 84a tapering 
away from the wall 14a as shown in Fig.9 or by 
providing sufficient gap between parallel surfaces 
of the base 84 and the wall 14a. 

Where a tapering embodiment is used the 
taper may vary axially, e.g. it may be curved in the 
axial direction. The size of the gap indicated at 85 
will be a compromise between the function of de- 
laying pressure transfer to the larger piston until 
the start of the expansion stroke and allowing suffi- 
cient movement of air into the combustion space 
20 towards the end of the compression stroke. 

As shown in Fig.9, the base 84 may be formed 
with one or more grooves 86 running from or 
adjacent the crown 36 of the larger piston 16 
towards or into the top of the base 84. The grooves 
86 may be inclined, e.g. helical as shown and 
could have a tangential component to promote 
swirl to the gas flow occurring through the grooves. 
That may have a beneficial effect on combustion. 

When using a raised portion such as the base 
84 a passage 87 may be provided to connect the 
space above the second piston crown 35 with the 
first cylinder to enable transfer of air from the first 
cylinder to the second cylinder when the base 84 
begins to close the combustion space from the first 
cylinder. This assists with ingression and forces the 
displacement of more fuel/air mixture from the 
space above the piston crown 35 into the combus- 
tion space 20. The passage 87 can extend through 



the second piston from its crown, opening into a 
side wall of the base 84 at or adjacent the first 
piston crown 36, or can extend through the engine 
block as shown in 88 in Figure 9A. The volume of 

s the passage is small in comparison with the vol- 
ume of the combustion space. Any one of the 
passages 87, 88 and the grooves 86 or a combina- 
tion may be used to assist the escape of air above 
piston 16 when the base 84 obstructs air flow into 

10 the combustion space. 

Whilst in Figs.2 to 8 a base 84 is present, it is 
envisaged that in circumstances, e.g. where ignition 
delay delays the build up of pressure in cylinder 
12, the use of a base 84 may not be necessary. 

75 Figure 9A shows a modified form of base 84 

on the piston crown 36 used to achieve the same 
purpose as that shown in Fig.9 and incorporating 
any of the features, e.g., taper, grooves etc. of the 
base 84 of Fig.9. 

20 In Figs.10 and 11 the smaller piston 18 is 
shown with four radial projections 90 extending 
from its crown 35 to provide sideways support for 
sliding contact with the wall 14a of cylinder 14. The 
gap 128 should be interrupted as little as possible 

25 by the projections 90 which will be dimensioned 
accordingly. As the projections will in effect operate 
as dry bearing elements for the piston crown they 
should be made from a suitable material which can 
also withstand high temperatures. 

30 In Fig. 1 0A, the wall 14a of the second cylinder 
14 is formed with radially inwardly directed axially 
extending projections 900 which provide support 
for the crown 35 of piston 18 in place of the 
projections 90 in Figs.10 and 11. In such a case, 

35 the projections effectively interrupt the gap 128. 
The projections may also be inclined to the cyl- 
inder axis but with an axial component. 

In Figs.3 to 11, the smaller piston is substan- 
tially of a mushroom shape having a centre pillar 

40 with a crown at its upper end. Figs.12 and 13 
illustrate an alternative construction where the 
crown 35 is supported by a number of circumferen- 
tiaily spaced pillars 100 which extend upwardly 
from the crown 36 of the larger piston 1 6. If desired 

45 the piston 18 can include a base 84 as shown in 
broken lines. Such an arrangement still provides a 
substantially open combustion space 20 as well as 
leaving a thin edge 37 over a substantial part of the 
crown 35 to facilitate the formation of the inhibiting 

so gap 128 as shown in Fig.13. 

To promote swirl of air entering the combustion 
space 20 during the compression stroke, a curved 
projecting member 101 may be positioned beneath 
the crown 35, e.g. on the base 84 as shown in 

55 broken lines. The projecting member may include 
vanes to promote rotational flow about the axis of 
the piston. 
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A further construction for the smaller piston 1 8 
is shown in Fig. 14 where a skirt 110 interconnects 
the crowns 35 and 36 in which skirt is formed with 
a plurality of substantial apertures 111. The ap- 
ertures are preferably of varying width as shown, 
for example, of inverted triangular shape to max- 
imise the circumferential length of the thin edge 37 
of the crown 35. As with Fig.12, a projecting mem- 
ber 101 can be provided and a base 84 can also 
be provided. 

In the previous embodiments the engine op- 
erates on a four stroke cycle. Fig. 15 illustrates a 
form of the engine of the present invention which 
can operate on a two stroke cycle. 

In Fig.15 the inlet and exhaust valves 24 and 
26 are replaced by inlet and exhaust ports 124 and 
126 respectively and a spark plug 130 or glow plug 
is provided on wall 14a of smaller cylinder 14 for 
starting and/or idling. The engine is provided with 
the access means 30 comprising inlet valve 31 with 
or without the throttle valve 32. The inlet valve 31 
can be cam operated or electromagnetically op- 
erated. A fuel source such as low pressure injector 
34 is positioned upstream of valve 31 and can 
deliver fuel to an inlet duct 33 when valve 31 is 
either closed or open. 

Smaller piston 18 is of mushroom shape al- 
though it could be of a kind shown in Figs. 12 and 

13 or Fig.14. 

In operation, air is admitted from a suitable 
source 132, e.g. a crankcase or external pump, to 
the ducts 33 and 133 at above atmospheric pres- 
sure. Duct 33 may be supplied with air from a 
separate source if desired. When the inlet port 124 
(connected to duct 133) is uncovered by piston 
crown 36 as shown in broken lines, air under 
pressure enters the larger cylinder 12 whilst ex- 
haust gases from a previous cycle are displaced 
through exhaust port 126. Simultaneously, valve 31 
opens and admits air from duct 33 into the smaller 
cylinder 14 above crown 35. Some of that air will 
displace exhaust gases from the previous cycle 
through the inhibiting gap 128 around the crown 
35. One or more cut-outs 135 may be formed in 
the lower end of the wall 14a of smaller cylinder 14 
which bypass the second piston crown 35 when 
the crown 35 is at its outer dead centre position 
shown in broken lines. The cut-outs 135 assist in 
the movement of exhaust gases from the smaller 
cylinder 14 to the larger cylinder 12 and allow the 
use of the piston seal 38 whilst also allowing blow 
down to take place at the start of the exhaust 
process. 

The cut-outs 135 are preferably non-continuous 
around the wall 14a so as to ensure that the piston 
crown remains in registry with the smaller cylinder 

14 at its outer dead centre position. Such an ar- 
rangement is shown in Fig. 16 where interruptions 



135a between the cut-outs are shown. The interrup- 
tions 135a form a continuation of the second cyl- 
inder wall 14a. 

The cut-outs 1 35 may have an axial length "x" 

5 (Fig. 15A) smaller than the axial thickness "y" of 
the base 84 but greater than the edge of crown 35 
of small piston 18. 

Fuel may enter the smaller cylinder 14 with the 
air as soon as valve 31 opens but alternatively the 

10 start of the fuel delivery could be delayed until the 
piston 18 rises a little from its outer dead centre 
position to cover up the cut-outs 1 35 but before the 
exhaust port 126 is covered by the larger piston 
16. The closing of valve 31 should preferably be 

75 delayed until the pressure in the larger cylinder 
begins to rise during the early part of the compres- 
sion stroke after the exhaust port 126 is closed. In 
that way the Merritt segregation principle using gap 
128 is assisted. If valve 31 is electromagnetically 

20 actuated, variation in closing timing may be used to 
control ingression instead of throttle valve 32. To- 
wards the end of the compression stroke, ingres- 
sion of the fuel air mixture takes place through 
inhibiting gap 128 and possibly through the by- 

25 pass groove 39, if provided, and then even if inhib- 
iting seal 38 is used as shown in Figure 18. Ignition 
follows by contact with hot air in the combustion 
space 20 with or without assistance from spark 
plug 130 which communicates directly with com- 

30 bustion space 20 beneath crown 35 when the latter 
is near the inner dead centre position also shown in 
broken lines. At the end of the expansion stroke, 
the exhaust gases escape from the exhaust port 
126 and the cut-outs 135 will assist in equalising 

35 the pressure across the small piston crown 35. In 
Fig.15, the position of piston 18 is shown in various 
positions in full and broken lines. 

It will be appreciated that the piston 18 can 
have a base 84 which extends above cut-outs 135 

40 when the piston 18 is at its inner dead centre 
position or the piston crown 36 can have a projec- 
tion 84 instead as in Fig.9A. The two stroke cycle 
for the Merritt engine can operate in any of the 
aforesaid hybrid arrangements with both diesel and 

45 spark engine cycles. The engine can utilise the by- 
pass 39 as shown in Fig.2 or Fig.3. The engine can 
also utilise inhibiting means in the form of gap 128 
as shown in Figure 15. There is no need to use 
inlet valve 31 as an exhaust valve. 

so Fig. 16 shows a practical version of the two 

stroke engine shown in Fig.15. 

In Fig. 16, an engine cylinder block 40 is 
formed with cooling galleries 41 similar to that 
shown in Fig.4. The cylinder block defines the 

55 large and small cylinders 12, 14, inlet port 124 and 
exhaust port 126. The inlet valve 31 is operated by 
a cam shaft 43 in this example and is slidably 
mounted in a conventional type of valve guide 44. 
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The valve 31 is held in its closed position by a 
conventional type of valve spring 46 shown in 
broken lines. 

Air to the inlet port 124 and the duct 33 is 
supplied from a suitable source, e.g., a crankcase 
(not shown) of the engine. Alternatively, air may be 
supplied by a blower or the like. 

The pistons 16, 18 are connected to a crank C. 

The operation of the engine shown in Fig.16 is 
identical to that shown in Fig. 15 and corresponding 
parts carry the same reference numerals. 

Whilst in the preceding embodiments reference 
has been made to the use of an access means 30 
including a further valve 31 , such an access means 
may be omitted as shown in Fig. 17. this may be 
the case when fuels of very high latent heat 
capacities, e.g. methanol, are used since these are 
capable of cooling the air in the smaller cylinder 
above piston crown 35 very effectively to promote 
segregation without the aid of the access means to 
control ingression timing. 

In Fig.17 the arrangement of the pistons 16, 18 
in respective cylinders 12, 14 is similar to that 
described hereinbefore, e.g. with respect to Fig.2. 
Air inlet and exhaust valves 24, 26 are provided or 
alternatively ports 124 and 126. The smaller piston 
18 is of a mushroom type which can have the 
various features described earlier e.g. a base 84. 
Alternatively the piston 18 may be of a kind shown 
in Figs.10 and 11, 10a, 12 and 13 or 14. A fuel 
injector 160 capable of withstanding combustion 
pressures is provided to deliver fuel directly into 
the smaller cylinder 14 during the induction stroke 
or during the induction and compression strokes. 

During the induction stroke some air enters the 
smaller cylinder space above the crown 35 through 
the inhibiting gap 128. An additional inhibiting pas- 
sage 128a may be provided as an aperture in the 
crown. The hole 128a may be substantially filled 
by, for instance, a protruding spark plug 162 or 
glow plug, or a diesel type fuel injector. As the 
piston reaches near its inner dead centre position. 
It will be appreciated that in this embodiment the 
inhibiting means must be a gap 128 (or 128a) to 
allow air into cylinder 14 during the induction 
stroke as well as exhaust gas transfer. 

Near the end of the compression stroke, in- 
gression of vaporised injected fuel and air will 
occur through inhibiting gap 128, by-pass means 
39 and any gap between the plug and hole 128A. 
Ignition will follow ingression in the way described 
in relation to earlier embodiments. 

The term "valve" as used herein embraces a 
port. 

The term "air" as used herein includes any 
suitable mixture of oxygen with other usually inert 
gases as well as substantially pure oxygen for 
combustion with gaseous or liquid (i.e. vaporised 



liquid) fuel. It may contain recirculated exhaust 
gases, crankcase gases and a small proportion of 
hydrocarbon substances present in recirculated in- 
ternal combustion engine gases. 

5 The term "ingression" as used herein refers to 

the movement of fuel/air mixture from the second 
cylinder into the combustion space. 

Finally, the engine according to the present 
invention may be a compression ignition engine 

ro having a geometric compression ratio high enough 
to enable compression ignition, the compression 
ratio being the ratio of gas volume in the engine 
cylinders at outer and inner dead centre positions. 
It will be appreciated by those skilled in the art 

75 that features of each of the described embodi- 
ments may be interchanged where suitable. 

Claims 

20 1. An internal combustion engine comprising: 

at least one set of first and second cylinders 
(12,14), the first cylinder (12) having a larger 
swept volume than the second cylinder (14); 
respective first and second pistons (16,18) 

25 movable in said cylinders; 

air inlet means (25,124) communicating with 
the first cylinder; 

exhaust means (27,126) communicating with 
the first cylinder; 
30 a first fuel source (34,70) for providing fuel to 

the second cylinder; 

means defining a combustion space when the 
pistons (16,18) are substantially at the inner 
dead centre position, the combustion space 
35 communicating with both cylinders during the 

expansion stroke; 

and inhibiting means (128,38,39) for inhibiting 
ingression of fuel/air mixture from the second 
cylinder into the combustion space prior to the 

40 second piston (18) arriving at or adjacent its 

inner dead centre position; 
and wherein said first fuel source (34,70) is 
arranged to provide fuel to the second cylinder 
(1 4) above the crown (36) of the second piston 

45 (18); 

characterised in that the second piston (18) 
has a crown (35) which is spaced from and 
connected to the crown (36) of the first piston 
(16) and which has an edge (37) which extends 

50 over at least a portion of the periphery of the 
crown (36) and which is relatively small in the 
axial direction compared to the distance be- 
tween the first piston crown (36) and the sec- 
ond piston crown (35) in the axial direction, 

55 thereby to define said combustion space (20) 

between said piston crowns and a side wall 
(14a) of said second cylinder; 
and wherein the edge (37) of the second pis- 
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ton crown (35) is radially spaced from the 
adjacent wall (14a) of the second cylinder (14) 
to define a gap (128) therebetween which com- 
prises said inhibiting means, said spacing be- 
ing of a size such as substantially to prevent 
the passage of gas between said side wall and 
said second piston crown (35) from said sec- 
ond cylinder (14) into said combustion space 
until towards the end of the compression 
stroke. 

2. An internal combustion engine according to 
Claim 1 in which the second piston crown (35) 
always remains within the second cylinder 
(14). 

3. An internal combustion engine according to 
any of the preceding claims in which the sec- 
ond piston crown (35) is spaced from and 
connected to the first piston crown (36) by at 
least one pillar (234). 

4. An internal combustion engine according to 
Claim 3 in which a pillar (234) is provided 
substantially centrally in relation to said second 
piston crown (35). 

5. An internal combustion engine according to 
Claim 4 in which the central pillar (234) is so 
shaped to provide a curved wall for said com- 
bustion space (20). 

6. An internal combustion engine according to 
Claim 3, 4 or 5 in which a plurality of circum- 
ferentially spaced pillars (100) is provided so 
as to leave a plurality of second piston crown 
portions having relatively small edges (37) in 
the axial direction. 

7. An internal combustion engine according to 
any of the preceding Claims in which the sec- 
ond piston (18) has a cylindrical skirt (110) 
extending between its crown (35) and the first 
piston (16), said skirt being formed with ap- 
ertures (111) of substantial size which leave a 
plurality of second piston crown portions hav- 
ing relatively small edges (37) in the axial 
direction. 

8. An internal combustion engine according to 
any of the preceding claims in which a projec- 
ting member (101) is provided on the first 
piston (16) beneath the crown (35) of the sec- 
ond piston (18) to promote swirling of gas in 
the combustion space (20). 

9. An internal combustion engine according to 
any of the preceding claims in which the sec- 



ond piston (18) is positioned eccentrically rela- 
tive to the first piston (16). 

10. An internal combustion engine according to 
5 any of the preceding claims further comprising 

a raised portion (84) on said first piston crown 
(36) dimensioned to fit with working clearance 
into the second cylinder (14) in order nearly to 
shut off the combustion space (20) from the 
10 first cylinder (12) when the pistons are at or 
adjacent the inner dead centre position. 

11. An internal combustion engine according to 
claim 10 in which the axial length of said 

75 raised portion (84) is substantially equal to the 

distance that the pistons (16,18) move between 
start of said ingression and the inner dead 
centre position. 

20 12. An internal combustion engine according to 
Claim 10 or 11 in which said raised portion 
(84) has a radially outer side (84a) wall which 
diverges away from the second cylinder wall 
(14a). 

25 

13. An internal combustion engine according to 
claim 12 in which said radially outer side wall 
(84a) tapers or curves away from said second 
cylinder wall (14a). 

30 

14. An internal combustion engine according to 
any of claims 10 to 13 in which said raised 
portion (84) has a radially outer side wall (84a) 
formed with one or more grooves (86) extend- 

35 ing in a direction from the crown (36) of the 

first piston (16) towards an upper face of said 
raised portion (84). 

15. An internal combustion engine according to 
40 any of claims 10 to 14 in which passage 

means (87,88) are provided interconnecting the 
space above the crown (35) of the second 
piston (18) with said first cylinder (12) for en- 
abling transfer of air from the first cylinder to 
45 the second cylinder (14) when the pistons are 

adjacent the inner dead centre position for 
assisting ingression. 

16. An internal combustion engine according to 
50 claim 15 in which said passage means (87) is 

formed in said second piston (18). 

17. An internal combustion engine according to 
any of the preceding claims in which the gap 

55 (128) is a continuous annular clearance be- 

tween said edge (37) of the second piston 
crown (35) and the adjacent wall (14a) of the 
second cylinder (14). 
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18. An internal combustion engine according to 
any of the preceding claims in which said gap 
(128) is interrupted by two or more radial pro- 
jections (90,900) on at least one of said second 
piston crown (35) and a wall (14a) of the sec- 
ond cylinder (14) which may slidably engage 
with the other of said second piston crown and 
said wall of said second cylinder to provide 
support for the second piston (18). 

19. An internal combustion engine according to 
claim 3, 4 or 5 in which a layer of catalytic 
material is placed at a selected location in the 
combustion space (20). 

20. An internal combustion engine according to 
any of the preceding claims in which the sec- 
ond cylinder (14) is formed at its end remote 
from the first cylinder (12) with means defining 
a first by-pass (39) around the edge (37) of the 
second piston crown (35) when the second 
piston (18) is at or adjacent its inner dead 
centre position. 

21. An internal combustion engine according to 
Claim 20 in which said first by-pass means 
(39) has an axial length greater than the thick- 
ness of the edge (37) of said second piston 
crown (35). 

22. An internal combustion engine according to 
Claim 20 or 21 in which said first by-pass 
means (39) is a groove formed in the wall 
(14a) of the second cylinder (14) extending 
over at least a portion of the circumference of 
the second cylinder. 

23. An internal combustion engine according to 
claim 20, 21 or 22 in which said first by-pass 
means (39) is defined by an abrupt or gradual 
enlargement (39,39b) of the bore of the second 
cylinder (14). 

24. An internal combustion engine according to 
any of the preceding claims further comprising 
means (52) for assisting ignition of the fuel in 
said combustion space (20). 

25. An internal combustion engine according to 
claim 24 wherein said ignition assisting means 
(52) comprises a spark plug, catalyst or other 
ignition device. 

26. An internal combustion engine according to 
any of the preceding claims in which the sec- 
ond cylinder (14) is formed at its end nearest 
the first cylinder (12) with means (135) defining 
a second by-pass around the edge of the 



second piston crown (35) when the second 
piston (18) is at or adjacent its outer dead 
centre position. 

5 27. An internal combustion engine according to 
claim 26 in which said second by-pass means 
(135) has an axial length greater than the thick- 
ness of the edge (37) of said second piston 
crown (35). 

TO 

28. An internal combustion engine according to 
Claim 26 or 27 in which said second by-pass 
means (135) is a groove formed in the wall 
(14a) of the second cylinder (14) extending 

75 over at least a portion of the circumference of 

the second cylinder. 

29. An internal combustion engine according to 
Claim 26, 27 or 28 in which said second by- 

20 pass means (135) is defined by an abrupt or 

gradual enlargement of the bore of the second 
cylinder (14). 

30. An internal combustion engine according to 
25 any of the preceding claims having access 

means (30) associated with the second cyl- 
inder (14) for admitting air, with or without fuel 
or for admitting a gaseous fuel with or without 
air to the second cylinder during induction, 
30 said access means comprising a first port 

means (33) opening into said second cylinder 
and a first valve means (31) for controlling said 
port means. 

35 31. An internal combustion engine according to 
claim 30 in which said first port means (33) 
serves as both inlet and exhaust port for said 
second cylinder (14). 

40 32. An internal combustion engine according to 
claim 30 in which said access means (30) 
further comprises a second, exhaust port 
means (151) for said second cylinder (14), and 
second valve means (150) for controlling said 

45 second port means. 

33. An internal combustion engine according to 
claim 32 in which said second, exhaust port 
means (151) communicates with said first port 

so means (33) for providing exhaust gas recircula- 
tion. 

34. An internal combustion engine according to 
any of claims 30 to 33 in which said valve 

55 means (31,150) is a poppet valve operable 

mechanically or electrically. 
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35. An internal combustion engine according to 
any of claims 30 to 34 in which the access 
means (30) includes a first variable flow area 
valve means (32) upstream of the first valve 
means (31). 

36. An internal combustion engine according to 
claim 35 in which the variable flow area valve 
means (32) is a butterfly or throttle valve. 

37. An internal combustion engine according to 
any of claims 30 to 36 in which the first fuel 
source (34) is positioned upstream of the first 
valve means (31). 

38. An internal combustion engine according to 
any of claims 30 to 37 in which the first fuel 
source (34) is a liquid fuel injector. 

39. An internal combustion engine according to 
any of claims 30 to 38 in which control means 
(M) is provided for controlling timing the in- 
troduction and duration of fuel delivery from 
the first fuel source (34) such that fuel is 
introduced during a period in which the first 
valve means (31) is either open or closed. 

40. An internal combustion engine according to 
any of claims 30 to 39 when appendant to any 
of claims 1 to 23, having control means (M) for 
controlling said access means (30) to control 
pressure in the second cylinder (14) to a value 
below the pressure in the first cylinder (12) 
during an early part of the compression stroke, 
thereby to inhibit ingression prior to the pistons 
(16,18) arriving adjacent the inner dead centre 
position. 

41. An internal combustion engine according to 
claim 40 in which said control means (M) is 
operable to close said first valve means (31) at 
a preselected piston position after closure of 
said air inlet means (25) of the first cylinder 
(12). 



the crown (35) of the second piston (18) is at 
or adjacent its inner dead centre position said 
second fuel source (60) can deliver to the 
combustion space (20) a quantity of fuel under 
5 pressure in addition to fuel supplied to said 

second cylinder (14) by the first said fuel 
source (34). 

44. An internal combustion engine according to 
io claim 43 having means (M) for controlling said 

first fuel source (34) to deliver a proportion of 
the total fuel quantity to be delivered into the 
second cylinder (14) into the space above the 
crown (35) of the second piston (18) starting 

75 and finishing when said second piston is at 

predetermined positions spaced from the inner 
dead centre position, and for controlling said 
second fuel source (60) to deliver a further 
proportion of the total fuel quantity into the 

20 combustion space (20) when the pistons 
(16,18) are subsequently at or adjacent the 
inner dead centre position. 

45. An internal combustion engine according to 
25 any of claims 1 to 36 or any of claims 38 to 42 

when appendant to any of Claims 1 to 36, in 
which the first fuel source (70) is a high pres- 
sure fuel injector positioned in a side wall (14a) 
of the second cylinder (14) for delivering fuel 
30 directly into the second cylinder both above 

and below the crown (35) of the second piston 
(18). 

46. An internal combustion engine according to 
35 claim 45 having means (M) for controlling said 

fuel injector (70) to deliver a proportion of the 
total fuel quantity to be delivered into the sec- 
ond cylinder (14) into the space above the 
crown (35) of the second piston (18) starting 
40 and finishing when said second piston is at 

predetermined positions spaced from the inner 
dead centre position, and to deliver a further 
proportion of the total fuel quantity into the 
combustion space (20) when the pistons 
45 (16,18) are subsequently at or adjacent the 

inner dead centre position. 



42. An internal combustion engine according to 
any of the preceding claims in which second 
variable flow area valve means (83) is posi- 
tioned upstream of said air inlet means (25) 
communicating with said first cylinder (12) for so 
enabling the restriction of air supply to said 

first cylinder during engine part load condi- 
tions. 

43. An internal combustion engine according to 55 
any of the preceding claims in which a second 

fuel source (60), in the form of a high pressure 
liquid fuel injector, is located such that when 



47. An internal combustion engine according to 
Claim 46 in which said fuel injector control 
means (M) is operable to deliver the full quan- 
tity of fuel in two or more pulses or substan- 
tially continuously at a constant or variable rate 
of flow over a given period in such a way that 
the first said proportion of fuel is delivered into 
the second cylinder (14) during the induction 
and/or compression stroke above the second 
piston crown (35) and the said further propor- 
tion of fuel is delivered to the combustion 
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53. An internal combustion engine according to 
any of the preceding claims in which said 
engine is a compression ignition engine having 
a geometric compression ratio high enough to 
5 enable compression ignition, the compression 

ratio being the ratio of gas volume in the 
engine cylinders (12,14) at outer and inner 
dead centre positions. 

io Patentansprtiche 

1. Verbrennungsmotor, der aufweist: 

mindestens einen Satz erster und zweiter 
Zylinder (12, 14), wobei der erste Zylinder (12) 
75 einen grofieren Hubraum aufweist als der zwei- 

te Zylinder (14); 

die entsprechenden ersten und zweiten 
Kolben (16, 18), die in den Zylindern beweg- 
lich sind; 

20 eine LufteinlaSvorrichtung (25, 124), die 

mit dem ersten Zylinder in Verbindung steht; 

eine Auspuffanlage (27, 126), die mit dem 
ersten Zylinder in Verbindung steht; 

eine erste Kraftstoffquelle (34, 70) fur die 
25 Versorgung des zweiten Zylinders mit Kraft- 

stoff; 

eine Vorrichtung, die einen Verbrennungs- 
raum abgrenzt, wenn sich die Kolben (16, 18) 
im wesentlichen in der inneren Totpunktlage 
30 befinden, wobei der Verbrennungsraum mit 

beiden Zylindern wahrend des Arbeitshubes in 
Verbindung steht; und 

eine Sperrvorrichtung (128, 38, 39) fur das 
Verhindern des Einstromens des Kraft- 
35 stoff/Luft-Gemisches aus dem zweiten Zylinder 

in den Verbrennungsraum, bevor der zweite 
Kolben (18) seine innere Totpunktlage erreicht 
oder in deren Nahe gelangt; 

und worin die ersten Kraftstoffquelle (34, 
40 70) so angeordnet ist, daS der Kraftstoff dem 

zweiten Zylinder (14) oberhalb der Krone (36) 
des zweiten Kolbens (18) zugefuhrt wird; 

dadurch gekennzeichnet, daS der zweite 
Kolben (18) eine Krone (35) aufweist, die einen 
45 Abstand zur Krone (36) des ersten Kolbens 

(16) zeigt und mit dieser verbunden ist, und 
die einen Rand (37) aufweist, der sich zumin- 
destens uber einen Abschnitt des Umfangs der 
Krone (36) erstreckt, und der relativ klein in der 
50 axialen Richtung ist, wenn mit dem Abstand 



space (20) substantially during a period begin- 
ning with or after ingression. 

48. An internal combustion engine according to 
claim 42 when appendant to any of claims 31 
to 41 in which a second fuel source (82) is 
provided in said air inlet means (25) of said 
first cylinder (12) for providing a spark ignitable 
fuel/air mixture to enable the engine to operate 
in a spark ignition mode. 

49. An internal combustion engine according to 
claim 48 having control means (M) for control- 
ling said first and second fuel sources (34,82) 
and said second variable flow area valve 
means (83) to change over the engine between 
said spark ignition mode in which said first fuel 
source is inoperative or substantially inoper- 
ative and the second variable flow area valve 
means (83) is partially closed to limit compres- 
sion temperature to below compression ignition 
value and a compression ignition mode with or 
without spark ignition assistance in which said 
second fuel source (82) is inoperative or sub- 
stantially inoperative and said second variable 
flow area valve means (83) is substantially fully 
open to raise compression temperature to en- 
able compression ignition. 

50. An internal combustion engine according to 
claim 42 and any of claims 1 to 41 or claims 
43 to 49 when appendant to any of claims 1 to 
41 in which idling of the engine can be effec- 
ted by introducing fuel from the first fuel 
source (34,70) into air delivered to the second 
cylinder (14) to produce a spark ignitable mix- 
ture, and wherein said mixture is introduced 
into the second cylinder whilst admitting a 
throttled amount of substantially air only into 
the first cylinder (12) and said mixture is ig- 
nited by a spark plug (52) when the piston (18) 
is in a suitable position relative to inner dead 
centre position. 

51. An internal combustion engine according to 
claim 30 or any of claims 32 to 50 when 
appendant to claim 30 in which the engine 
operates on a two stroke cycle and has means 
(M) for controlling said first valve means (31 ) to 
close said first valve means during or after 
closure of said exhaust means (126). 

52. An internal combustion engine according to 
claim 51 in which said first port means (33) for 
said second cylinder (14) and said air inlet 55 
means (124) for said first cylinder (12) have a 
common air supply (132). 



zwischen der ersten Kolbenkrone (36) und der 
zweiten Kolbenkrone (35) in der axialen Rich- 
tung verglichen wird, wodurch der Verbren- 
nungsraum (20) zwischen den Kolbenkronen 
und einer Seitenwand (14a) des zweiten Zylin- 
ders abgegrenzt wird; 

und wobei der Rand (37) der zweiten Kol- 
benkrone (35) radial einen Abstand zur angren- 



17 



33 



EP 0 468 674 B1 



34 



zenden Wand (14a) des zweiten Zylinders (14) 
aufweist, urn einen Zwischenraum (128) dazwi- 
schen abzugrenzen, der die Sperrvorrichtung 
aufweist, wobei der Abstand eine GroBe zeigt, 
die im wesentlichen so ist, daB der Durchgang 
von Gas zwischen der Seitenwand und der 
zweiten Kolbenkrone (35) aus dem zweiten Zy- 
linder (14) in den Verbrennungsraum bis ge- 
gen Ende des Verdichtungshubes verhindert 
wird. 

2. Verbrennungsmotor nach Anspruch 1 , bei dem 
die zweite Kolbenkrone (35) immer innerhalb 
des zweiten Zylinders (1 4) bleibt. 

3. Verbrennungsmotor nach einem der vorherge- 
henden AnsprGche, bei dem die zweite Kol- 
benkrone (35) einen Abstand zur ersten Kol- 
benkrone (36) aufweist und mit dieser durch 
mindestens eine StOtze (234) verbunden ist. 

4. Verbrennungsmotor nach Anspruch 3, bei dem 
eine StUtze (234) im wesentlichen mittig in 
Verbindung mit der zweiten Kolbenkrone (35) 
vorhanden ist. 

5. Verbrennungsmotor nach Anspruch 4, bei dem 
die mittlere StOtze (234) so geformt ist, daB 
eine gekrOmmte Wand fur den Verbrennungs- 
raum (20) bereitgestellt wird. 

6. Verbrennungsmotor nach Anspruch 3, 4 Oder 
5, bei dem eine Vielzahl von peripher einen 
Abstand aufweisenden StOtzen (100) vorgese- 
hen ist, urn eine Vielzahl von Abschnitten der 
zweiten Kolbenkrone mit relativ kleinen Ran- 
dern (37) in der axialen Richtung zu belassen. 

7. Verbrennungsmotor nach einem der vorherge- 
henden AnsprOche, bei dem der zweite Kolben 
(18) eine zylindrische Einfassung (110) auf- 
weist, die sich zwischen seiner Krone (35) und 
dem ersten Kolben (16) erstreckt, wobei die 
Einfassung mit Offnungen (111) von beachtli- 
cher GroBe versehen ist, die eine Vielzahl von 
Abschnitten der zweiten Kolbenkrone mit rela- 
tiv kleinen Random (37) in der axialen Rich- 
tung belassen. 

8. Verbrennungsmotor nach einem der vorherge- 
henden AnsprOche, bei dem ein Vorsprung 
(101) am ersten Kolben (16) unterhalb der Kro- 
ne (35) des zweiten Kolbens (18) angeordnet 
ist, urn das Wirbeln des Gases im Verbren- 
nungsraum (20) zu unterstOtzen. 

9. Verbrennungsmotor nach einem der vorherge- 
henden AnsprOche, bei dem der zweite Kolben 



(18) exzentrisch relativ zum ersten Kolben (16) 
angeordnet ist. 

10. Verbrennungsmotor nach einem der vorherge- 
s henden AnsprOche, der aufierdem einen erha- 

benen Abschnitt (84) an der ersten Kolbenkro- 
ne (36) aufweist, der so bemessen ist, daB er 
in den Arbeitsspalt in den zweiten Zylinder (14) 
paBt, urn den Verbrennungsraum (20) nahezu 
to vom ersten Zylinder (12) abzusperren, wenn 

die Kolben in der inneren Totpunktlage sind 
oder an diese angrenzen. 

11. Verbrennungsmotor nach Anspruch 10, bei 
75 dem die axiale Lange des erhabenen Abschnit- 

tes (84) im wesentlichen der Entfernung gleich 
ist, Ober die sich die Kolben (16, 18) zwischen 
dem Beginn des Einstromens und der inneren 
Totpunktlage bewegen. 

20 

12. Verbrennungsmotor nach Anspruch 10 Oder 
11, bei dem der erhabene Abschnitt (84) eine 
radiale auBere Seitenwand (84a) aufweist, die 
von der Wand (14a) des zweiten Zylinders 

25 divergiert. 

13. Verbrennungsmotor nach Anspruch 12, bei 
dem die radiale auBere Seitenwand (84a) ke- 
gelformig verlauft Oder sich von der Wand 

30 (14a) des zweiten Zylinders wegkrOmmt. 

14. Verbrennungsmotor nach einem der AnsprO- 
che 10 bis 13, bei dem der erhabene Abschnitt 
(84) eine radiale auBere Seitenwand (84a) auf- 

35 weist, die mit einer oder mehreren Nuten (86) 

ausgefOhrt ist, die sich in einer Richtung von 
der Krone (36) des ersten Kolbens (16) zur 
oberen Flache des erhabenen Abschnittes (84) 
erstrecken. 

15. Verbrennungsmotor nach einem der AnsprO- 
che 10 bis 14, bei dem ein Durchgang (87, 88) 
angeordnet wird, der den Raum oberhalb der 
Krone (35) des zweiten Kolbens (18) mit dem 

45 ersten Zylinder (12) verbindet, urn den Trans- 

port der Luft aus dem ersten Zylinder zum 
zweiten Zylinder (14) zu ermoglichen, wenn 
die Kolben an die innere Totpunktlage angren- 
zen, urn das Einstromen zu unterstOtzen. 

50 

16. Verbrennungsmotor nach Anspruch 15, bei 
dem der Durchgang (87) im zweiten Kolben 
(18) gebildet wird. 

55 17. Verbrennungsmotor nach einem der vorherge- 
henden Anspruche, bei dem der Zwischen- 
raum (128) ein kontinuierlicher ringformiger 
Spalt zwischen dem Rand (37) der zweiten 

18 
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Kolbenkrone (35) und der angrenzenden Wand 
(14a) des zweiten Zylinders (14) ist. 

18. Verbrennungsmotor nach einem der vorherge- 
henden Anspruche, bei dem der Zwischen- 
raum (128) durch zwei oder mehrere radiale 
Vorsprunge (90, 900) an mindestens einer 
zweiten Kolbenkrone (35) und einer Wand 
(14a) des zweiten Zylinders (14) unterbrochen 
wird, die verschiebbar mit der anderen zweiten 
Kolbenkrone und der Wand des zweiten Zylin- 
ders in Eingriff kommen konnen, um eine Hal- 
terung fur den zweiten Kolben (18) zu liefern. 

19. Verbrennungsmotor nach Anspruch 3, 4 oder 
5, bei dem eine Schicht eines katalytischen 
Materials an einer ausgewahlten Stelle im Ver- 
brennungsraum (20) angeordnet wird. 

20. Verbrennungsmotor nach einem der vorherge- 
henden Anspruche, bei dem der zweite Zylin- 
der (14) an seinem Ende, das vom ersten 
Zylinder (12) abgelegen ist, mit einer Einrich- 
tung ausgestattet ist, die eine erste Umgehung 
(39) um den Rand (37) der zweiten Kolbenkro- 
ne (35) abgrenzt, wenn der zweite Kolben (18) 
in seiner inneren Totpunktlage ist oder an die- 
se angrenzt. 

21. Verbrennungsmotor nach Anspruch 20, bei 
dem die erste Umgehung (39) eine axiale Lan- 
ge aufweist, die groBer ist als die Starke des 
Randes (37) der zweiten Kolbenkrone (35). 

22. Verbrennungsmotor nach Anspruch 20 oder 
21 , bei dem die erste Umgehung (39) eine Nut 
ist, die in der Wand (14a) des zweiten Zylin- 
ders (14) gebildet wird, und die sich Ober 
mindestens einen Abschnitt des Umfangs des 
zweiten Zylinders erstreckt. 

23. Verbrennungsmotor nach Anspruch 20, 21 
oder 22, bei dem die ersten Umgehung (39) 
durch eine plotzliche oder allmahliche Aufwei- 
tung (39, 39b) der Bohrung des zweiten Zylin- 
ders (14) abgegrenzt wird. 

24. Verbrennungsmotor nach einem der vorherge- 
henden Anspruche, der auBerdem eine Einrich- 
tung (52) fur die Unterstutzung der Zundung 
des Kraftstoffes im Verbrennungsraum (20) 
aufweist. 

25. Verbrennungsmotor nach Anspruch 24, bei 
dem die Einrichtung (52) zur Unterstutzung der 
ZOndung eine ZUndkerze, einen Katalysator 
oder eine andere Zundvorrichtung aufweist. 



26. Verbrennungsmotor nach einem der vorherge- 
henden AnsprUche, bei dem der zweite Zylin- 
der (14) an seinem Ende, das dem ersten 
Zylinder (12) nahe gelegen ist, mit einer Ein- 

5 richtung (135) versehen ist, die eine zweite 

Umgehung um den Rand der zweiten Kolben- 
krone (35) abgrenzt, wenn der zweite Kolben 
(18) in seiner auBeren Totpunktlage ist oder an 
diese angrenzt. 

10 

27. Verbrennungsmotor nach Anspruch 26, bei 
dem die zweite Umgehung (135) eine axiale 
Lange aufweist, die groBer ist als die Starke 
des Randes (37) der zweiten Kolbenkrone (35). 

75 

28. Verbrennungsmotor nach Anspruch 26 oder 
27, bei dem die zweite Umgehung (135) eine 
Nut ist, die in der Wand (14a) des zweiten 
Zylinders (14) gebildet wird, und die sich Uber 

20 mindestens einen Abschnitt des Umfangs des 

zweiten Zylinders erstreckt. 

29. Verbrennungsmotor nach Anspruch 26, 27 
Oder 28, bei dem die zweite Umgehung (135) 

25 durch eine plotzliche oder allmahliche Aufwei- 

tung der Bohrung des zweiten Zylinders (14) 
abgegrenzt wird. 

30. Verbrennungsmotor nach einem der vorherge- 
30 henden AnsprUche, der eine Zugangsvorrich- 

tung (30) aufweist, die mit dem zweiten Zylin- 
der (14) in Verbindung ist, um Luft mit oder 
ohne Kraftstoff oder einen gasformigen Kraft- 
stoff mit oder ohne Luft dem zweiten Zylinder 
35 wahrend des Ansaugens zuzufUhren, wobei die 

Zugangsvorrichtung eine erste Offnung (33), 
die sich in den zweiten Zylinder hinein Sffnet, 
und eine erste Ventileinrichtung (31) fUr die 
Steuerung der Offnung aufweist. 

40 

31. Verbrennungsmotor nach Anspruch 30, bei 
dem die erste Offnung (33) sowohl als EinlaB- 
als auch AuslaBoffnung fur den zweiten Zylin- 
der (14) dient. 

45 

32. Verbrennungsmotor nach Anspruch 30, bei 
dem die Zugangsvorrichtung (30) auBerdem 
eine zweite AuslaBoffnung (151) fur den zwei- 
ten Zylinder (14) und eine zweite Ventileinrich- 

50 tung (150) fur die Steuerung der zweiten Off- 

nung aufweist. 

33. Verbrennungsmotor nach Anspruch 32, bei 
dem die zweite AuslaBoffnung (151) mit der 

55 ersten Offnung (33) in Verbindung steht, um 

eine Zirkulation des Auspuffgases zu bewirken. 
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34. Verbrennungsmotor nach einem der AnsprO- 
che 30 bis 33, bei dem die Ventileinrichtung 
(31, 150) ein AblaBventil ist, das mechanisch 
Oder elektrisch betriebsfahig ist. 

35. Verbrennungsmotor nach einem der Anspru- 
che 30 bis 34, bei dem die Zugangsvorrich- 
tung (30) eine Ventileinrichtung (32) mit veran- 
derlichem DurchlaSquerschnitt stromaufwarts 
von der ersten Ventileinrichtung (31) umfaSt. 

36. Verbrennungsmotor nach Anspruch 35, bei 
dem die Ventileinrichtung (32) mit veranderli- 
chem DurchlaBquerschnitt ein Drosselventil ist. 

37. Verbrennungsmotor nach einem der Anspru- 
che 30 bis 36, bei dem die erste Kraftstoffquel- 
le (34) stromaufwarts von der ersten Ventilein- 
richtung (31) angeordnet ist. 

38. Verbrennungsmotor nach einem der Anspru- 
che 30 bis 37, bei dem die erste Kraftstoffquel- 
le (34) eine EinspritzdO.se fOr flUssigen Kraft- 
stoff ist. 

39. Verbrennungsmotor nach einem der Anspru- 
che 30 bis 38, bei dem die Steuervorrichtung 
(M) fQr die Steuerung der Zeitfolge der Einfuh- 
rung und der Dauer der Kraftstoffzufuhrung 
von der ersten Kraftstoffquelle (34) aus so vor- 
gesehen ist, dafi der Kraftstoff wahrend einer 
Zeitdauer eingefuhrt wird, in der die erste Ven- 
tileinrichtung (31) entweder offen oder ge- 
schlossen ist. 

40. Verbrennungsmotor nach einem der Anspru- 
che 30 bis 39, wenn sie zu den AnsprGchen 1 
bis 23 gehoren, der eine Steuervorrichtung (M) 
fUr die Steuerung der Zugangsvorrichtung (30) 
aufweist, urn den Druck im zweiten Zylinder 
(14) auf einen Wert unterhalb des Druckes im 
ersten Zylinder (12) wahrend eines fruhen Ab- 
schnittes des Verdichtungshubes zu regulieren, 
urn dadurch ein Einstromen zu verhindern, be- 
vor die Kolben (1 6, 1 8) an die innere Totpunkt- 
lage angrenzen. 

41. Verbrennungsmotor nach Anspruch 40, bei 
dem die Steuervorrichtung (M) funktionsfahig 
ist, urn die erste Ventileinrichtung (31) in einer 
vorgewShlten Kolbenstellung nach dem Schlie- 
Ben der LufteinlaBvorrichtung (25) des ersten 
Zylinders (12) zu schliefien. 

42. Verbrennungsmotor nach einem der vorherge- 
henden AnsprOche, bei dem die zweite Ventil- 
einrichtung (83) mit veranderlichem DurchlaB- 
querschnitt stromaufwarts von der Lufteinlafl- 



vorrichtung (25), die mit dem ersten Zylinder 
(12) verbunden ist, angeordnet ist, urn die Ein- 
schrankung der Luftzufuhr zum ersten Zylinder 
wahrend der Teillastbedingungen des Motors 
5 zu ermoglichen. 

43. Verbrennungsmotor nach einem der vorherge- 
henden Anspruche, bei dem eine zweite Kraft- 
stoffquelle (60) in der Form einer Hochdruck- 

w einspritzdUse fUr flUssigen Kraftstoff so ange- 
ordnet ist, daB, wenn die Krone (35) des zwei- 
ten Kolbens (18) in ihrer inneren Totpunktlage 
ist oder an diese angrenzt, die zweite Kraft- 
stoffquelle (60) dem Verbrennungsraum (20) 

75 eine Menge an Kraftstoff unter Druck zusatz- 

lich zu dem Kraftstoff liefern kann, der dem 
zweiten Zylinder (14) durch die erste Kraftstoff- 
quelle (34) zugefuhrt wird. 

20 44. Verbrennungsmotor nach Anspruch 43, der 
aufweist: eine Vorrichtung (M) fOr die Steue- 
rung der ersten Kraftstoffquelle (34), urn einen 
Anteil der gesamten Kraftstoffmenge, die dem 
zweiten Zylinder (14) zugefOhrt werden soli, in 

25 den Raum oberhalb der Krone (35) des zwei- 

ten Kolbens (18) zu liefern, wobei begonnen 
und aufgehort wird, wenn sich der zweite Kol- 
ben in den vorgegebenen Positionen im Ab- 
stand von der inneren Totpunktlage befindet; 

30 und fUr die Steuerung der zweiten Kraftstoff- 

quelle (60), urn einen weiteren Anteil der ge- 
samten Kraftstoffmenge in den Verbrennungs- 
raum (20) zu liefern, wenn die Kolben (16, 18) 
nachfolgend in der inneren Totpunktlage sind 

35 oder an diese angrenzen. 

45. Verbrennungsmotor nach einem der AnsprO- 
che 1 bis 36 oder AnsprOche 38 bis 42, wenn 
sie zu den AnsprOchen 1 bis 36 gehoren, bei 

40 dem die erste Kraftstoffquelle (70) eine Hoch- 

druckeinspritzdiise fur Kraftstoff ist, die in einer 
Seitenwand (14a) des zweiten Zylinders (14) 
angeordnet ist, urn den Kraftstoff direkt in den 
zweiten Zylinder sowohl oberhalb als auch un- 

45 terhalb der Krone (35) des zweiten Kolbens zu 

liefern. 

46. Verbrennungsmotor nach Anspruch 45, der 
eine Vorrichtung (M) fur die Steuerung der 

so Kraftstoffeinspritzduse (70) aufweist, urn einen 

Anteil der gesamten Kraftstoffmenge, die dem 
zweiten Zylinder (14) zugefUhrt werden soil, in 
den Raum oberhalb der Krone (35) des zwei- 
ten Kolbens (18) zu liefern, wobei begonnen 

55 und aufgehort wird, wenn sich der zweite Kol- 

ben in den vorgegebenen Positionen im Ab- 
stand von der inneren Totpunktlage befindet, 
und urn einen weiteren Anteil der gesamten 
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Kraftstoffmenge in den Verbrennungsraum (20) 
zu liefern, wenn die Kolben (16, 18) nachfol- 
gend in der inneren Totpunktlage sind Oder an 
diese angrenzen. 

47. Verbrennungsmotor nach Anspruch 46, bei 
dem die Steuervorrichtung (M) fiir die Kraft- 
stoffeinspritzduse funktionsfShig ist, urn die 
voile Kraftstoffmenge in zwei oder mehreren 
Stoflen oder im wesentlichen kontinuierlich mit 
einer konstanten oder veranderlichen Str5- 
mungsgeschwindigkeit uber eine bestimmte 
Zeitdauer so zu liefern, daB der erste Anteil 
des Kraftstoffes in den zweiten Zylinder (14) 
wahrend des Ansaug- und/oder Verdichtungs- 
hubes oberhalb der zweiten Kolbenkrone (35) 
geliefert wird, und daB der weitere Anteil des 
Kraftstoffes dem Verbrennungsraum (20) im 
wesentlichen wahrend einer Zeitdauer zuge- 
fOhrt wird, die mit Oder nach dem Einstromen 
beginnt. 

48. Verbrennungsmotor nach Anspruch 42, wenn 
er zu den Ansprtichen 31 bis 41 gehort, bei 
dem eine zweite Kraftstoffquelle (82) in der 
LufteinlaBvorrichtung (25) des ersten Zylinders 
(12) angeordnet ist, urn ein funkenentzundba- 
res Kraftstoff/Luft-Gemisch bereitzustellen, da- 
mit der Motor in die Lage versetzt wird, in der 
Funkenzundungsbetriebsart zu arbeiten. 

49. Verbrennungsmotor nach Anspruch 48, der 
eine Steuervorrichtung (M) fur die Steuerung 
der ersten und zweiten Kraftstoffquelle (34, 82) 
und der zweiten Ventileinrichtung (83) mit ver- 
Snderlichem DurchlaBquerschnitt aufweist, urn 
den Motor zwischen der Funkenzundungsbe- 
triebsart, bei der die erste Kraftstoffquelle ab- 
geschaltet oder im wesentlichen abgeschaltet 
und die zweite Ventileinrichtung (83) mit veran- 
derlichem DurchlaBquerschnitt teilweise ge- 
schlossen ist, urn die Verdichtungstemperatur 
auf unterhalb des Wertes der Verdichtungszun- 
dung zu begrenzen, und der Verdichtungszun- 
dungsbetriebsart mit oder ohne UnterstUtzung 
durch FunkenzGndung zu schalten, bei der die 
zweite Kraftstoffquelle (82) abgeschaltet oder 
im wesentlichen abgeschaltet und die zweite 
Ventileinrichtung (83) mit veranderlichem 
DurchlaBquerschnitt im wesentlichen vollstan- 
dig often ist, urn die Verdichtungstemperatur 
anzuheben, urn eine VerdichtungszOndung zu 
ermoglichen. 

50. Verbrennungsmotor nach Anspruch 42 und ei- 
nem der Anspruche 1 bis 41 oder AnsprOche 
43 bis 49, wenn sie zu den AnsprOchen 1 bis 
41 gehoren, bei dem der Leerlauf des Motors 



durch Einfuhren des Kraftstoffes von der er- 
sten Kraftstoffquelle (34, 70) in die Luft, die 
dem zweiten Zylinder (14) zugefOhrt wird, urn 
ein funkenentzOndbares Gemisch herzustellen, 

5 bewirkt werden kann, und wobei das Gemisch 

in den zweiten Zylinder eingefuhrt wird, wah- 
rend eine gedrosselte Menge aus im wesentli- 
chen Luft nur dem ersten Zylinder (12) zuge- 
fOhrt wird, und wobei das Gemisch durch eine 

to ZOndkerze (52) gezUndet wird, wenn sich der 
Kolben (1 8) in einer geeigneten Position relativ 
zur inneren Totpunktlage befindet. 

51. Verbrennungsmotor nach Anspruch 30 oder ei- 
75 nem der Anspruche 32 bis 50, wenn sie zum 

Anspruch 30 gehoren, wobei der Motor nach 
dem Zweitaktverfahren arbeitet und eine Vor- 
richtung (M) fOr die Steuerung der ersten Ven- 
tileinrichtung (31) aufweist, urn die erste Ventil- 
20 einrichtung wahrend oder nach dem SchlieBen 

der Auspuffanlage (126) zu schlieBen. 

52. Verbrennungsmotor nach Anspruch 51, bei 
dem die erste Offnung (33) fOr den zweiten 

25 Zylinder (14) und die LufteinlaBvorrichtung 

(124) fur den ersten Zylinder (12) eine gemein- 
same Luftversorgung (132) aufweisen. 

53. Verbrennungsmotor nach einem der vorherge- 
30 henden AnsprOche, wobei der Motor ein Motor 

mit VerdichtungszOndung ist, der ein geometri- 
sches Verdichtungsverhaltnis aufweist, das 
hoch genug ist, urn eine VerdichtungszOndung 
zu ermoglichen, wobei das Verdichtungsver- 
35 haltnis das Verhaltnis des Gasvolumens in den 

Motorzylindern (12, 14) bei der SuBeren und 
inneren Totpunktlage ist. 

Revendications 

40 

1. Moteur a combustion interne comprenant: 

au moins un ensemble de premier et se- 
cond cylindres (12, 14), le premier cylindre 
(12) possedant une cylindree superieure a cel- 
45 le du second cylindre (14); 

des premier et second pistons respectifs 
(16, 18) mobiles dans lesdits cylindres; 

un moyen d'entree d'air (25, 124) commu- 
niquant avec le premier cylindre; 
50 un moyen d'evacuation (27, 126) commu- 

niquant avec le premier cylindre; 

une premiere source de carburant (34, 70) 
pour procurer du carburant au second cylindre; 
un moyen definissant une chambre de 
55 combustion lorsque les pistons (16, 18) se 

trouvent essentiellement a la position de point 
mort interieur, la chambre de combustion com- 
muniquant avec les deux cylindres pendant la 
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course de detente; 

ainsi qu'un moyen d'inhibition (128, 38, 39) 
pour inhiber I'admission du melange carbu- 
rant/air provenant du second cylindre dans la 
chambre de combustion avant que le second 5 
piston (18) n'arrive a sa position de point mort 
interieur ou dans une position adjacente a ce 
dernier; 

et dans lequel ladite premiere source de 
carburant (34, 70) est arrangee pour procurer jo 
du carburant au second cylindre (14) au-des- 
sus de la couronne (36) du second piston (18); 

caracterise en ce que le second piston 
(18) possede une couronne (35) qui est espa- 
cee de la couronne (36) du premier piston (16) 75 
tout en lui etant reliee, et qui possede un bord 
(37) qui s'etend sur au moins une portion de la 
peripheric de la couronne (36) et qui est relati- 
vement petit en direction axiale a la distance 
separant la couronne (36) du premier piston et 20 
la couronne (35) du second piston en direction 
axiale, pour definir ainsi ladite chambre de 
combustion (20) entre lesdites couronnes de 
pistons et une paroi laterale (14a) dudit second 
cylindre; 25 

et dans lequel le bord (37) de la couronne 
(35) du second piston est espace en direction 
radiale de la paroi adjacente (14a) du second 
cylindre (14) pour definir un espace libre (128) 
entre eux, qui comprend ledit moyen d'inhibi- 30 
tion, ledit gcartement etant d'une dimension 
telle qu'il empeche essentiellement le passage 
de gaz entre ladite paroi laterale et ladite cou- 
ronne (35) du second piston depuis ledit se- 
cond cylindre (14) en direction de ladite cham- 35 
bre de combustion jusqu'a un moment proche 
de la fin de la course de compression. 

2. Moteur a combustion interne selon la revendi- 
cation 1, dans lequel la couronne (35) du se- 40 
cond piston reste toujours a I'interieur du se- 
cond cylindre (14). 

3. Moteur a combustion interne selon I'une quel- 
conque des revendications precedentes, dans 45 
lequel la couronne (35) du second piston est 
espacee de la couronne (36) du premier pis- 
ton, tout en lui etant reliee, a I'intervention d'au 
moins une colonne (234). 

50 

4. Moteur a combustion interne selon la revendi- 
cation 3, dans lequel une colonne (234) est 
prevue essentiellement en position centrale par 
rapport a ladite couronne (35) du second pis- 
ton. 55 

5. Moteur a combustion interne selon la revendi- 
cation 4, dans lequel la colonne centrale (234) 



est fagonnee de maniere a procurer une paroi 
courbe a ladite chambre de combustion (20). 

6. Moteur a combustion interne selon la revendi- 
cation 3, 4 ou 5, dans lequel on prevoit plu- 
sieurs colonnes (100) espacees en direction 
circonferentielle pour munir plusieurs portions 
de la couronne du second piston de bords (37) 
relativement petits en direction axiale. 

7. Moteur a combustion interne selon I'une quel- 
conque des revendications precedentes, dans 
lequel le second piston (18) possede une jupe 
cylindrique (110) s'etendant entre sa couronne 
(35) et le premier piston (16), des ouvertures 
(111) de dimension importante etant pratiquees 
dans ladite jupe, pour munir plusieurs portions 
de la couronne du second piston de bords 
(37) relativement petits en direction axiale. 

8. Moteur a combustion interne selon I'une quel- 
conque des revendications precedentes, dans 
lequel un element saillant (101) est procure sur 
le premier piston (16) en dessous de la cou- 
ronne (35) du second piston (18) pour favoriser 
la turbulence des gaz dans la chambre de 
combustion (20). 

9. Moteur a combustion interne selon I'une quel- 
conque des revendications precedentes, dans 
lequel le second piston (18) se trouve dans 
une position excentrique par rapport au pre- 
mier piston (16). 

10. Moteur a combustion interne selon I'une quel- 
conque des revendications pr6c6dentes, com- 
prenant en outre une portion surelev^e (84) sur 
ladite couronne (36) du premier piston dimen- 
sionnee pour correspondre au jeu de travail 
menage dans le second cylindre (14) dans le 
but de pratiquement obturer la chambre de 
combustion (20) par rapport au premier cylin- 
dre (12) lorsque les pistons sont a leur position 
de point mort interieur ou dans une position 
adjacente a cette derniere. 

11. Moteur a combustion interne selon la revendi- 
cation 10, dans lequel la longueur axiale de 
ladite portion surelev^e (84) est essentielle- 
ment 6gale a la distance que parcourent les 
pistons (16, 18) entre le debut de ladite admis- 
sion et la position de point mort inteVieur. 

12. Moteur a combustion interne selon la revendi- 
cation 10 ou 11, dans lequel ladite portion 
surelev^e (84) possede une paroi laterale ex- 
terne (84a) en direction radiale qui s'ecarte de 
la paroi (14a) du second cylindre. 



22 



43 



EP 0 468 674 B1 



13. Moteur a combustion interne selon la revendi- 
cation 12, dans lequel ladite paroi laterals ex- 
terne (84a) en direction radiale s'ecarte de la 
dite paroi (14a) du second cylindre en formant 

un cone ou en formant une courbe. 5 

14. Moteur a combustion interne selon I'une quel- 
conque des revendications 10 a 13, dans le- 
quel ladite portion surelev^e (84a) possede 

une paroi laterale externe (84a) en direction io 
radiale, dans laquelle sont pratiquees une ou 
plusieurs rainures (86) s'etendant dans une 
direction allant de la couronne (36) du premier 
piston (1 6) jusqu'a la face superieure de ladite 
portion surelevee (84). is 

15. Moteur a combustion interne selon I'une quel- 
conque des revendications 10 a 14, dans le- 
quel on procure un moyen de passage (87, 88) 
reliant I'un a I'autre I'espace menage au-des- 20 
sus de la couronne (35) du second piston (18) 
et ledit premier cylindre (12) pour permettre le 
transfert d'air provenant du premier cylindre en 
direction du second cylindre (14) lorsque les 
pistons se trouvent dans une position adjacen- 
te a leur position de point mort interieur pour 
favoriser I'admission. 

16. Moteur a combustion interne selon la revendi- 
cation 15, dans lequel ledit moyen de passage 30 
(87) est pratique dans ledit second piston (1 8). 

17. Moteur a combustion interne selon I'une quel- 
conque des revendications precedentes, dans 
lequel I'espace libre (128) est un jeu annulaire 35 
continu menage entre ledit bord (37) de la 
couronne (35) du second piston et la paroi 
adjacente (14a) du second cylindre (14). 

18. Moteur a combustion interne selon I'une quel- 
conque des revendications precedentes, dans 
lequel ledit espace libre (128) est interrompu 
par deux ou plusieurs saillies radiales (90, 900) 
dont I'une est au moins disposee sur ladite 
couronne (35) du second piston ou sur la paroi 
(14a) du second cylindre (14), qui peut venir 
se mettre en contact par coulissement avec 
I'autre saillie disposee sur ladite couronne du 
second piston ou sur ladite paroi dudit second 
cylindre pour procurer un support au second 
piston (18). 

19. Moteur a combustion interne selon la revendi- 
cation 3, 4 ou 5, dans lequel on dispose une 
couche de matiere catalytique a un endroit 55 
selectionne dans la chambre de combustion 
(20). 



20. Moteur a combustion interne selon I'une quel- 
conque des revendications precedentes, dans 
lequel le second cylindre (14) est muni, a son 
extremite eloignee du premier cylindre (12), 
d'un moyen definissant une premiere deriva- 
tion (39) autour du bord (37) de la couronne 
(35) du second piston, lorsque le second pis- 
ton (18) se trouve a sa position de point mort 
intirieur ou a une position adjacente a cette 
derniere. 

21. Moteur a combustion interne selon la revendi- 
cation 20, dans lequel ledit premier moyen de 
derivation (39) possede une longueur axiale 
superieure a I'epaisseur du bord (37) de ladite 
couronne (35) du second piston. 

22. Moteur a combustion interne selon la revendi- 
cation 20 ou 21, dans lequel ledit premier 
moyen de derivation (39) est une rainure prati- 
que^ dans la paroi (14a) du second cylindre 
(14) s'etendant sur au moins une portion de la 
circonference du second cylindre. 



24. Moteur a combustion interne selon I'une quel- 
conque des revendications precedentes, com- 
prenant en outre un moyen (52) pour favoriser 
I'allumage du carburant dans ladite chambre 
de combustion (20). 



27. Moteur a combustion interne selon la revendi- 
catjon 26, dans lequel ledit second moyen de 
derivation (135) possede une longueur axiale 
superieure a I'epaisseur du bord (37) de ladite 
couronne (35) du second piston. 



25 23. Moteur a combustion interne selon la revendi- 
cation 20, 21 ou 22, dans lequel ledit premier 
moyen de derivation (39) est defini par un 
elargissement abrupt ou progressif (39, 39b) 
de Passage du second cylindre (14). 



25. Moteur a combustion interne selon la revendi- 
cation 24, dans lequel ledit moyen (52) favori- 
sant I'allumage comprend une bougie d'allu- 

40 mage, un catalyseur ou un autre dispositif d'al- 

lumage. 

26. Moteur a combustion interne selon I'une quel- 
conque des revendications precedentes, dans 

45 lequel le second cylindre (14) est muni, a son 

extremite la plus proche du premier cylindre 
(12), d'un moyen (135) definissant une secon- 
de derivation autour du bord de la couronne 
(35) du second piston lorsque le second piston 
so (18) se trouve a sa position de point mort 
exterieur ou a une position adjacente a cette 
derniere. 
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28. Moteur a combustion interne selon la revendi- 
cation 26 ou 27, dans lequel ledit second 
moyen de derivation (135) est une rainure pra- 
tiquee dans la paroi (14a) du second cylindre 
(14) s'etendant sur au moins une portion de la 
circonference du second cylindre. 

29. Moteur a combustion interne selon la revendi- 
cation 26, 27 ou 28, dans lequel ledit second 
moyen de derivation (135) est defini par un 
elargissement abrupt ou progressif de I'alesa- 
ge du second cylindre (14). 

30. Moteur a combustion interne selon I'une quel- 
conque des revendications precedentes, pos- 
sedant un moyen d'acces (30) associe au se- 
cond cylindre (14) pour I'admission d'air avec 
ou sans carburant, ou pour I'admission de car- 
burant gazeux avec ou sans air dans le second 
cylindre au cours de I'aspiration, ledit moyen 
d'acces comprenant un premier moyen d'orifi- 
ce (33) s'ouvrant dans ledit second cylindre et 
un premier moyen de soupape (31) pour com- 
mander ledit moyen d'orifice. 

31. Moteur a combustion interne selon la revendi- 
cation 30, dans lequel ledit premier moyen 
d'orifice (33) sert a la fois d'orifice d'entree et 
d'evacuation pour ledit second cylindre (14). 

32. Moteur a combustion interne selon la revendi- 
cation 30, dans lequel ledit moyen d'acces 
(30) comprend en outre un second moyen 
d'orifice d'evacuation (151) pour ledit second 
cylindre (14) et un second moyen de soupape 
(150) pour commander ledit second moyen 
d'orifice. 

33. Moteur a combustion interne selon la revendi- 
cation 32, dans lequel ledit second moyen 
d'orifice d'evacuation (151) communique avec 
ledit premier moyen d'orifice (33) pour pro- 
curer une remise en circulation des gaz 
d'echappement. 

34. Moteur a combustion interne selon I'une quel- 
conque des revendications 30 a 33, dans le- 
quel ledit moyen de soupape (31, 150) est une 
soupape a champignon qui peut etre actionn^e 
mecaniquement ou electriquement. 

35. Moteur a combustion interne selon I'une quel- 
conque des revendications 30 a 34, dans le- 
quel le moyen d'acces (30) englobe un pre- 
mier moyen de soupape (32) a section d'ecou- 
lement variable en amont du premier moyen 
de soupape (31). 



36. Moteur a combustion interne selon la revendi- 
cation 35, dans lequel le moyen de soupape 
(32) a section d'ecoulement variable est un 
papillon des gaz ou une soupape d'etrangle- 

5 ment. 

37. Moteur a combustion interne selon I'une quel- 
conque des revendications 30 a 36, dans le- 
quel la premiere source de carburant (34) est 

10 positionnee en amont du premier moyen de 

soupape (31). 

38. Moteur a combustion interne selon I'une quel- 
conque des revendications 30 a 37, dans le- 

75 quel la premiere source de carburant (34) est 

un injecteur de carburant liquide. 

39. Moteur a combustion interne selon I'une quel- 
conque des revendications 30 a 38, dans le- 

20 quel on procure un moyen de commande (M) 

pour commander le r^glage de I'introduction et 
de la dur6e de la distribution de carburant a 
partir de la premiere source de carburant (34), 
de telle sorte que du carburant est introduit 

25 pendant une periode dans laquelle le premier 

moyen de soupape (31) est soit ouvert, soit 

40. Moteur a combustion interne selon I'une quel- 
30 conque des revendications 30 a 39 lorsqu'elles 

dependent de I'une quelconque des revendica- 
tions 1 a 23, possedant un moyen de com- 
mande (M) pour commander ledit moyen d'ac- 
ces (30) dans le but de regler la valeur de la 

35 pression regnant dans le second cylindre (14) 

a une valeur infeVieure a celle de la pression 
rdgnant dans le premier cylindre (12) au cours 
de la partie initiate de la course de compres- 
sion pour ainsi inhiber I'admission avant que 

40 les pistons (16, 18) n'arrivent a une position 

adjacente a la position de point mort interieur. 

41. Moteur a combustion interne selon la revendi- 
cation 40, dans lequel ledit moyen de com- 

45 mande (M) peut etre actionne pour fermer ledit 

premier moyen de soupape (31) a une position 
de piston preselectionnee apres la fermeture 
dudit moyen d'entree d'air (25) du premier 
cylindre (12). 

50 

42. Moteur a combustion interne selon I'une quel- 
conque des revendications precedentes, dans 
lequel un second moyen de soupape (83) a 
section d'ecoulement variable est positionne 

55 en amont dudit moyen d'entree d'air (25), 

communiquant avec ledit premier cylindre (12) 
pour permettre la restriction de I'air alimentant 
ledit premier cylindre lorsque le moteur est 
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soumis a des conditions de charge partielle. 

43. Moteur a combustion interne salon I'une quel- 
conque des revendications precedentes, dans 
lequel une seconde source de carburant (60), 5 
sous la forme d'un injecteur de carburant liqui- 

de sous interieure pression, est disposee de 
telle sorte que, lorsque la couronne (35) du 
second piston (18) se trouve a sa position de 
point mort interieur ou dans une position adja- w 
cente a cette derniere, ladite seconde source 
de carburant (60) peut distribuer dans la cham- 
bre de combustion (20) une quantite de carbu- 
rant sous pression en plus de la quantite de 
carburant qui alimente ledit second cylindre 75 
(14) a ('intervention de ladite premiere source 
de carburant (34). 

44. Moteur a combustion interne selon la revendi- 
cation 43, possedant un moyen (M) pour com- 20 
mander ladite premiere source de carburant 

(34) dans le but de distribuer dans I'espace 
menage au-dessus de la couronne (35) du 
second piston (18) une proportion de la quanti- 
te totale de carburant a distribuer dans le 25 
second cylindre (14) en commengant et en 
finissant lorsque ledit second piston se trouve 
a des positions predeterminees espacees de 
la position de point mort interieur, et pour 
commander ladite seconde source de carbu- 30 
rant (60) dans le but de distribuer une propor- 
tion supplementaire de la quantite totale de 
carburant dans la chambre de combustion (20) 
lorsque les pistons (16, 18) se trouvent par la 
suite dans leur position de point mort inteVieur 35 
ou dans une position adjacente a cette dernie- 
re. 

45. Moteur a combustion interne selon I'une quel- 
conque des revendications 1 a 36 ou selon 40 
I'une quelconque des revendications 38 a 42 
lorsqu'elles dependent de I'une quelconque 

des revendications 1 a 36, dans lequel la pre- 
miere source de carburant (70) est un injecteur 
de carburant sous interieure pression position- 45 
ne dans une paroi laterale (14a) du second 
cylindre (14) pour distribuer du carburant di- 
rectement dans le second cylindre, a la fois 
au-dessus et en dessous de la couronne (35) 
du second piston (18). so 

46. Moteur a combustion interne selon la revendi- 
cation 45, possedant un moyen (M) pour com- 
mander ledit injecteur de carburant (70) dans 

le but de distribuer dans I'espace menage au- 55 
dessus de la couronne (35) du second piston 
(18) une proportion de la quantite totale de 
carburant a distribuer dans le second cylindre 



(14) en commengant et en finissant lorsque 
ledit second piston se trouve a des positions 
predeterminees espacees de la position de 
point mort interieur, et pour distribuer une pro- 
portion supplementaire de la quantite totale de 
carburant dans la chambre de combustion (20) 
lorsque les pistons (16, 18) se trouvent par la 
suite dans leur position de point mort interieur 
ou dans une position adjacente a cette dernie- 
re. 

47. Moteur a combustion interne selon la revendi- 
cation 46, dans lequel ledit moyen de com- 
mande d'injecteur de carburant (M) peut etre 
actionne pour distribuer la quantite totale de 
carburant en deux impulsions ou plus, ou bien 
essentiellement en continu a un debit constant 
ou variable pendant une periode donnee de 
telle sorte que ladite premiere proportion de 
carburant est distribute dans le second cylin- 
dre (14) pendant la course d'aspiration et/ou 
de compression au-dessus de la couronne (35) 
du second piston et ladite proportion supple- 
mentaire de carburant est distribute dans la 
chambre de combustion (20) essentiellement 
au cours d'une periode commengant avec I'ad- 
mission ou apres cette derniere. 

48. Moteur a combustion interne selon la revendi- 
cation 42 lorsqu'elle depend de I'une quelcon- 
que des revendications precedentes 31 a 41, 
dans lequel on procure une seconde source de 
carburant (82) dans ledit moyen d'entree d'air 
(25) dudit premier cylindre (12) pour procurer 
un melange carburant/air qui peut etre allume 
par ttincelle dans le but de permettre au mo- 
teur de travailler dans un mode d'allumage par 
etincelle. 

49. Moteur a combustion interne selon la revendi- 
cation 48, possedant un moyen de commande 
(M) pour commander lesdites premiere et se- 
conde sources de carburant (34, 82) et ledit 
second moyen de soupape (83) a section 
d'ecoulement variable pour faire passer le mo- 
teur dudit mode d'allumage par etincelle dans 
lequel ladite premiere source de carburant est 
a I'etat de repos ou essentiellement a I'etat de 
repos et le second moyen de soupape (83) a 
section d'tcoulement variable est partiellement 
ferme' pour limiter la temperature de compres- 
sion a une valeur interieure a la valeur d'allu- 
mage par compression a un mode d'allumage 
par compression avec ou sans I'aide d'un allu- 
mage par etincelle, dans lequel ladite seconde 
source de carburant (82) est a I'etat de repos 
ou essentiellement a I'etat de repos et ledit 
second moyen de soupape (83) a section 
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d'ecoulement variable est presque complete- 
ment ouvert pour elever la temperature de 
compression pour permettre I'allumage par 
compression. 

5 

50. Moteur a combustion interne selon la revendi- 
cation 42 et I'une quelconque des revendica- 
tions 1 a 41 ou selon I'une quelconque des 
revendications 43 a 49 lorsqu'elles dependent 

de I'une quelconque des revendications 1 a 10 
41, dans lequel on peut mettre en oeuvre la 
marche a vide du moteur en introduisant du 
carburant depuis la premiere source de carbu- 
rant (34, 70) dans de I'air distribue au second 
cylindre (14) pour produire un melange apte a js 
etre allum§ par etincelle et dans lequel ledit 
melange est introduit dans le second cylindre 
pendant I'admission d'une quantite etranglee 
qui ne contient pratiquement que de I'air dans 
le premier cylindre (12) et ledit melange est 20 
allume par une bougie d'allumage (52) lorsque 
le piston (18) se trouve dans une position 
appropriee par rapport a la position de point 
mort interieur. 

25 

51. Moteur a combustion interne selon la revendi- 
cation 30 ou selon I'une quelconque des re- 
vendications 32 a 50 lorsqu'elles dependent de 
la revendication 30, dans lequel le moteur tra- 
vaille sur un cycle a deux temps et possede 30 
un moyen (M) pour commander ledit premier 
moyen de soupape (31) pour former ledit pre- 
mier moyen de soupape lors de la fermeture 
dudit moyen d'evacuation (126) ou apres cette 
demiere. 35 

52. Moteur a combustion interne selon la revendi- 
cation 51, dans lequel ledit premier moyen 
d'orifice (33) pour ledit second cylindre (14) et 
ledit moyen d'entree d'air (124) pour ledit pre- 40 
mier cylindre (12) possedent une alimentation 
d'air commune (132). 

53. Moteur a combustion interne selon I'une quel- 
conque des revendications precedentes, dans 45 
lequel ledit moteur est un moteur a allumage 

par compression possedant un taux de com- 
pression geometrique suffisamment eleve pour 
permettre un allumage par compression, le 
taux de compression etant le rapport du volu- 50 
me des gaz regnant dans les cylindres de 
moteur (12, 14) aux positions de points mods 
exterieur et interieur. 
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